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F O R E W O R D 
Globally, regionally and nationally, environmental issues 
have received increasing attention within the last two decades. 
While every country has its unique environmental problems, many 
environmental problems have a regional or global dimension and 
can only be dealt with regionally or globally. International 
agreements have been forged or are being formulated or negotiated 
to tackle a range of global issues such as Ozone Layer Depletion, 
the Loss of Forests and the Greenhouse Effect. It was in 
recognition of the importance of the Greenhouse Effect and its 
possible implications for the region that the SAARC member 
countries unanimously decided to embark on a regional study of 
the subject. 
At the first meeting of the expert group on the Vstudy on 
"Greenhouse Effect and Its Impact on the Region", it was decided 
to identify linkages between the Greenhouse Effect and the 
various sectors of the economy. It was also decided to identify 
measures and programmes, both short and long term, at the 
regional level for coordinating responses and strengthening 
national and regional capabilities to manage the problems arising 
out of the Greenhouse Effect. 
Subsequently, it was proposed that in view of the very short 
time period available for the preparation of the country reports, 
a simplified format was required which would concentrate only on 
the impact of the Greenhouse Effect and Climate Change on the 
SAARC region rather than cover the entire range of the causes of 
the Greenhouse Effect. 
In view of the severe constraints on time available for the 
preparation of the report Shri Lanka has adopted the simplified 
format for its country report. However, our report covers the 
sources and impact of greenhouse gases and the monitoring of 
climate change and its impact. 
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These country studies will be collated into a SAARC Regional 
Study. Apart from helping SAARC countries to deal with the 
problems of the Greenhouse Effect and Climate Change, the study 
will also serve to strengthen SAARC cooperation and, hopefully, 
will be a model for other regional studies and cooperative action 
programmes to follow. 
Devanesan Nesiah 
Secretary 
Ministry of Environment & Parliamentary 
Affairs. 
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In this introductory chapter, the historical background to the 
greenhouse effect as well as an explanation of the phenomenon is 
given. The gases which are known to contribute to the 
greenhouse effect have also been stated. The global and regional 
implications of this phenomenon as well as its implications for 
the country are described in some detail in this chapter. 
Chapter II - Sources and Impacts of Greenhouse Gases 
The sources of greenhouse gases in Sri Lanka are human activities 
in the agriculture and forestry areas including clearing of 
forests and their burning, burning of fossil fuels and biomass 
for generation of energy and industrial processes. 
In this Chapter estimated levels of emissions of greenhouse gases 
such as Carbon Dioxide, Carbon Monoxide, Methane, Nitrous Oxide 
and Chloro-fluoro-carbons are given. The overall release of 
greenhouse gases from different processes have been calculated 
based on several assumptions. The conversion factors used for 
this purpose are however based on studies done in other 
countries. Thus, possible Carbon Dioxide emissions due to 
Biomass combustion, forest clearing, transport sector, petroleum 
combustion and certain industries are given. Similarly methane 
emissions due to forest clearing, from lagoons and marshes, 
animals and waste, landfills, paddy fields, transport, petroleum 
combustion and biomass combustion are given. Carbon Monoxide 
emission due to forest clearing, transport, petroleum combustion 
and biomass combustion as well as Nitrous Oxide emissions due to 
•forest clearing, forest soils, fertilizer use are given in this 
chapter. 
These calculations have shown that for Carbon Dioxide, the 
dominant source is biomass combustion for energy. Forest 
clearing and burning comes next. The use of biomass also yield 
l a r g e q u a n t i t i e s of Carbon Monoxide. The l a r g e s t amount of 
Methane i s produced in paddy f i e l d s . 
Chloro-f luoro-carbons which a l s o contr ibute t o the greenhouse 
e f f e c t , a r e used for r e f r i g e r a t i o n and a i r condit ioning in S r i 
Lanka. Since S r i Lanka i s a par ty t o the Montreal Protocol i t 
i s o b l i g a t o r y for the country t o phase out the use of CFC's by 
the year 2010. The contr ibut ion from these g a s e s t o the 
greenhouse e f f e c t w i l l t h e r e f o r e c e a s e a t t h i s point of t ime. 
I t i s noted tha t the r e l e a s e of Carbon Dioxide and Carbon 
Monoxide a s well a s damage t o f o r e s t s could be further reduced, 
i f i n s t e a d of biomass, LPG i s u t i l i z e d for cooking purposes . The 
u s e of more e f f i c i e n t s t o v e s could br ing about a reduct ion in 
Carbon Monoxide r e l e a s e a s well a s a reduct ion in firewood 
consumption. This would a l s o help in reducing the degradat ion 
of f o r e s t s and p l a n t a t i o n s now being e x p l o i t e d for firewood. 
Chapter I I I 
Recent s t u d i e s done by the Department of Meteorology, in which 
r a i n f a l l and temperature d a t a recorded over a period of more than 
hundred years a t fourteen meteorological s t a t i o n s s c a t t e r e d 
throughout the i s l a n d have shown t h a t the s u r f a c e a i r temperature 
over S r i Lanka has been r i s i n g and t h a t the annual r a i n f a l l and 
the number of rainy days per year has been decreas ing a t most 
p l a c e s . 
Decreasing trends in annual r a i n f a l l was evident in Colombo, 
Ratnapura, G a l l e , Kandy, B a t t i c a l o a , Hambantota, Trincomalee, 
Badul la and Nuwara E l i y a . 
Linear regres s ion a n a l y s i s has shown t h a t the s u r f a c e a i r 
temperature has been r i s i n g a t the r a t e of 0.036°C per year a t 
Anuradhapura in the North Central Province (the highest) and by 
d i f f e r i n g r a t e s a t the other s t a t i o n s , the lowest being 0.010°C 
per year a t Hambantota in the Southern Province. 
In the case of rainfall, linear regression analysis has shown 
that rainfall has been; 
(a) decreasing at the rate of 35.3 mm/year at Colombo (the 
highest) and at the rate of 10.3 mm/year at Kandy in the 
hill country (the lowest). 
(b) increasing at the rate of 16.8 mm/year at Puttalam (the 
highest) in the North Western Province and at the rate of 
9.2 mm/year at Mannar (the lowest) in the Northern 
Province. 
Chapter IV 
This chapter includes recommendations made and assistance 
required in order to participate fully in the Greenhouse study. 
CHAPTER I 
INTRODUCTION 
1.1 Historical Background 
The similarity between how the glass walls and roof of a 
greenhouse traps heat and that by the atmosphere had been 
recognised as early as 1861 when John Tyndall described its 
effect. Later Arrhenius in 1896 not only drew attention to 
the possibility that increasing concentrations of Carbon-
dioxide due to burning of fossil fuels could lead to global 
warming but also calculated that doubling of carbon dioxide 
would raise the average temperature by 5°C. Whilst the 
rise in surface temperatures from 1880's to the 1930*s had 
been attributed by Callendar to an increase in carbon 
• dioxide due to industrial pollution. 
1.2 Greenhouse Effect 
The greenhouse effect is the influence on the earth's 
climate due to the natural phenomenon of absorption and 
emission of long wave radiation by some trace gases in the 
atmosphere, notably carbon dioxide, nitrous oxide, methane, 
chlorofluorocarbons and trophospheric ozone, which are 
referred to as Greenhouse Gases. 
It is said that there is no scientific doubt that the 
atmospheric concentrations of a number of 'greenhouse 
gases' capable of causing global warming have increased. 
1.3 Greenhouse Gases 
1.3.1 Carbon Dioxide (COO 
It has been estimated that there has been an increase 
from 275 parts per million by volume in pre-industrial 
times to 315 ppmv in 1958 and to about 350 ppmv. in 
1988 largely attributed to fossil fuel burning and 
deforestation and land use changes. 
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1 . 3 . 2 N i t r o u s O x i d e f N-,0) 
1 . 4 D e s c r i p t i o n o f t h e r o l e o f O c e a n s 
I t i s known t h a t o c e a n s p l a y a n i m p o r t a n t r o l e a s CO z s i n k s 
a n d t h a t c l i m a t e w a r m i n g b y i n c r e a s e o f C 0 2 i s d e p e n d e n t o n 
i n c r e a s e s i n o c e a n t e m p e r a t u r e s . T h e w i n d s a n d w a v e s a n d 
t h e c o m p l e x i t y o f c u r r e n t s a n d m i x i n g o f w a t e r s i n f l u e n c e s 
t h e g a s e x c h a n g e b e t w e e n t h e a t m o s p h e r e a n d t h e s e a 
s u r f a c e . T h e p r o x i m i t y o f l a n d t o v a r y i n g s e a s u r f a c e s i s 
t h u s l i k e l y t o i n f l u e n c e l o c a l a n d r e g i o n a l c l i m a t i c 
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T h i s t o o h a s b e e n e s t i m a t e d t o b e i n c r e a s i n g b y a b o u t 
0 . 2 5 p e r c e n t p e r y e a r f r o m a b o u t 2 8 0 p p b v . i n p r e 
i n d u s t r i a l t i m e s t o a b o u t 3 1 0 p p b v . b y 1 9 8 8 
a t t r i b u t e d l a r g e l y t o t h e u s e o f a r t i f i c i a l 
f e r t i l i z e r , b u r n i n g o f f o s s i l f u e l a n d b i o m a s s a n d d u e 
t o i n c r e a s e i n l a n d u s e f o r a g r i c u l t u r e . 
1 . 3 . 3 M e t h a n e f C H t l 
I t i s e s t i m a t e d t o h a v e i n c r e a s e d f r o m 7 0 0 p p b v i n p r e 
i n d u s t r i a l t i m e t o 1 7 0 0 p p b v b y 1 9 8 8 a n d i s a t t r i b u e d 
t o r i c e p a d d y c u l t i v a t i o n , r e a r i n g o f r u m i n a n t s , 
b i o m a s s a n d f o s s i l f u e l b u r n i n g . 
1 . 3 . 4 C h l o r o f l u o r o c a r b o n s ( C F C ) 
T h e s e a r e m a n u f a c t u r e d g a s e s u s e d f o r s o l v e n t s , 
a e r o s o l s p r a y p r o p e l l a n t s a n d i n f o a m p a c k a g i n g , a n d 
n o n e x i s t a n t i n p r e - i n d u s t r i a l t i m e s . Two c a t e g o r i e s 
a d d e d t o t h e a t m o s p h e r e b y 1 9 8 8 a r e a s f o l l o w s ; 
( C F C L j ) / C F C - 1 1 0 . 2 6 p p b v a n d 
( C F j C L j ) / C F C - 1 2 0 . 4 4 p p b v b y 1 9 8 8 
1 . 3 . 5 T r o p h o s p h e r i c Ozone 0, 
P r o d u c e d , n e a r i n d u s t r i a l a r e a s a s a r e s u l t of 
c h e m i c a l r e a c t i o n s i n v o v l i n g h y d r o c a r b o n s a n d l a r g e l y 
f r o m v e h i c u l a r e m i s s i o n s . C o n c e n t r a t i o n o f o z o n e p r e -
i n d u s t r i a l p e r i o d h a d b e e n e s t i m a t e d a t 1 5 p p b v a n d i s 
e x p e c t e d t o i n c r e a s e u p t o 3 3 5 p p b v b y 1 9 8 8 . 
changes. Thus patterns of oceanic temperature changes are 
likely to influence climatic patterns, specially in the 
tropics. 
Global and Regional Impl icat ions 
There is a scientific consensus that global warming of the 
order of 1-2°C will occur by the year 2030. It has been 
suggested that greatest warming is expected in winter in 
the high latitudes whilst in general the wet areas could 
become wetter and dry areas drier. 
As a climate change is anticipated, it is bound to affect 
all sectors of the environment, both physical and the 
living and chain reactions from physical land forms through 
ecosystems to altered ways of living is likely to take 
effect. 
As, an attendant sea level rise is also likely to take 
place the inundation of low lying areas and coastline 
structures are likely to cause disruption of commerce and 
the economy, specially, primarily of countries with 
appreciable coastlines, low coastal plains of dense 
settlement and development and sea ports. Specially the 
small island states in the region would be the most 
adversely affected even threatening the very existance of 
some of them. The emanating problems of displacement and 
fall of economy would necessitate regional and 
international response. Strategies and policies required 
in relation to adverse impacts of such possible climatic 
changes with attendant sea level rises will have to be 
seriously addressed immediately. 
• 1.6 Impl icat ions for the Country 
The seriousness of the problem of any Global Warming and 
Sea Level Rise is not fully realised by most Sri Lankans. 
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T h e l i k e l y i n c r e a s e i n r a i n f a l l a n d h u m i d i t y w o u l d p l a y a 
s e r i o u s a n d a d v e r s e r o l e i n e r o s i o n , a s m u c h o f t h e c e n t r a l 
p a r t o f t h e i s l a n d i s s t e e p a n d h i l l y o r m o u n t a i n o u s 
t e r r a i n . N a t u r a l d i s a s t e r s s u c h a s l a n d s l i d e s a n d o t h e r 
f o r m s o f m a s s m o v e m e n t , f l o o d s a n d c h a n g e s i n A g r o - e c o n o m i c 
a n d B i o - c l i m a t i c Z o n e s , l o w l y i n g a r e a s l i k e l y t o b e 
a f f e c t e d w i l l a f f e c t l a r g e s c a l e d i s p l a c e m e n t o f h u m a n 
h a b i t a t i o n s , l i f e s t y l e s s p e c i a l l y o f t h e c o a s t a l p l a i n 
i n h a b i t a n t s , c o a s t a l a g r i c u l t u r e , t o u r i s m a n d c o a s t l i n e 
t r a n s p o r t a n d c o m m u n i c a t i o n s y s t e m s . T h e l a g o o n s , 
e s t u a r i e s a n d b a c k - w a t e r s now e s t i m a t e d t o c o v e r a b o u t 
1 2 1 , 4 6 0 k m 2 a r o u n d t h e a p p r o x i m a t e l y 1 7 0 0 km l o n g c o a s t l i n e 
w i l l e x p a n d a n d d i s r u p t t h e p r e s e n t m a n g r o v e e c o l o g y a n d 
b e a r o n p h y t o p l a n k t o n b i o m a s s . A c l i m a t i c c h a n g e i s a l s o 
l i k e l y t o a l t e r t h e s o i l c h e m i s t r y w h e r e r e a c t i o n t o 
i n c r e a s e d p r e c i p i t a t i o n , r i s e i n t e m p e r a t u r e a n d s a l i n i t y 
w o u l d b e e x p e r i e n c e d . T h e e c o l o g i c a l z o n e s w i l l c h a n g e . 
W a t e r r e g i m e s m a y c h a n g e . W i t h s u c h c h a n g e s , a g r i c u l t u r a l 
p u r s u i t s w i l l c h a n g e n e c e s s i t a t i n g c h a n g e s i n l i f e s t y l e s , 
i n d u s t r i a l s e c t o r s m a y g e t a f f e c t e d i n a s e c o n d a r y m a n n e r 
a n d s o a l s o t h e e c o n o m y o f t h e c o u n t r y . S t u d i e s h a v e 
r e v e a l e d t h a t 66% o f t h e h o u s e h o l d s s u r v e y e d i n P u t t a l a m i n 
t h e N o r t h W e s t o f t h e S r i L a n k a , 49% i n N e g o m b o o n t h e W e s t 
C o a s t a n d 26% i n t h e S o u t h W e s t c o a s t a l a r e a a r e d e p e n d e n t 
f o r t h e i r l i v e l y h o o d o n M a n g r o v e s a n d L a g o o n s . T h e a v e r a g e 
m o n t h l y n e t i n c o m e p e r h o u s e h o l d i s a b o u t S L R s . 1 , 8 0 0 . 0 0 
(US $ 5 5 . ) . S u b m e r g e n c e o f m a n g r o v e s a n d s a l i n i t y c h a n g e s 
i n t h e l a g o o n s w o u l d b e d i s a s t r o u s t o t h o s e who a r e 
d e p e n d e n t o n t h e m n o w . On t h e o t h e r h a n d t h e s i l t i n g a n d 
b a c k - w a s h w o u l d c a u s e s e v e r e p r o b l e m s a s w e l l a s d e g r a d e 
t o u r i s t a t t r a c t i o n t h r o u g h l o s s o f b e a c h f r o n t a g e a n d 
a m e n i t i e s l o c a t e d w i t h i n s u b m e r s i b l e a r e a s u n d e r s u c h 
c i r c u m s t a n c e s . P l a n n i n g a r i d a c t i o n i n a n t i c i p a t i o n i n s u c h 
a n e v e n t o f a c l i m a t i c c h a n g e a n d s e a l e v e l r i s e o f w h i c h 
t h e r e i s n o d o u b t s h o u l d b e a d d r e s s e d s e r i o u s l y b y S r i 
L a n k a n o w . 
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CHAPTER II 
SOURCES AND IMPACT OF GREEN HOUSE GASES (GHG) 
2 . 1 Global Scene 
The sources of infrared absorbing gases which result in the 
enhanced Greenhouse Effect are both natural and 
anthropogenic. The gases considered in this report are C02, 
CH4, N 20, CO and CFCs. The C0 2 concentration has been 
increasing at about 1.8 ppmv or 0.5% per year due to 
increasing human activities (WMO/UNEP, 1990). Fossil fuel 
burning release about 5.4 +/- 1.0 Gt(C)/yr while 
deforestation and changes in land use release another 
1.6 +/- 1.0 Gt(C)/yr. In the case of CH4, natural processes 
taking place in lagoons and swamps and enteric fermentation 
in animals result in the emission of about 200 Tg (CH4) into 
the atmosphere annually while human activities such as rice 
plantations, biomass burning , landfills cause another 200 
Tg (CH4) to be released annually. Both these result in an 
increase of CH4 in the atmosphere at a rate of 0.9% per 
year. 
N 20 is emitted naturally from tropical forests due to 
microbial processes in soils and also fertilizer 
applications and biomass burning. The current rate of 
emission of N 20 is estimated to be in the range 2.4-6.4 Tg 
(N) per year, causing its concentration to increase at the 
rate of 0.3% annually. Though not contributing to 
greenhouse effect directly, CO is also included in this 
study as any CO released would get oxidized to C0 2 in the 
atmosphere. 
The other important GHG are the Chlorof luoro carbons (CFC). 
These are all produced for use in refrigeration and aerosol 
cans. These have the potential to destroy the protective 
ozone layer in the stratosphere and hence their manufacture 
and use are to be discontinued. 
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In Sri Lanka, the sources of GHG are human activities in 
agriculture and forestry areas, including clearing of 
forests and their burning; burning of fossil fuels and 
biomass for generation of energy and industrial processes. 
2.2 Agr icu l ture and F o r e s t r y Sources 
2.2.1 Agricultural Plantations 
Agriculture plays a key role in the national economy. 
The three plantation crops; tea, rubber and coconut 
bring in nearly 40% of the foreign exchange while the 
paddy cultivation has made the country almost self-
sufficient in its staple diet - rice. The 
contribution to the GNP from the agriculture sector is 
23% in 1990 (Central Bank, 1991a). 
The land area brought under cultivation in each of 
these crops as well as that under forest cover is 
v given in Table 2.1. The rubber plantation in addition 
to producing latex which is processed for industrial 
application, also forms a major source of firewood, 
both for domestic and industrial use. Annually, about 
5000 - 6000 ha of rubber plantations are uprooted and 
replanted. However, in recent times, more and more 
rubber timber is being utilized for furniture, making 
firewood more scarce. The biomass generated out of 
rubber uprooting is not considered under clearing of 
forests as all material other than the leaves are 
accounted for under firewood. Rubber plantations 
receive fertilizer to the extent of 23-25 kt annually. 
Tea and coconut plantations are also heavy consumers 
of fertilizers, tea receiving in the range 128-138 kt 
annually and coconut receiving about 40 kt annually. 
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Table 2 . 1 







In Sri Lanka paddy is cultivated mostly in two 
seasons, Maha and Yala. The former extends from 
September/October to March/April and the latter from 
April/May to August/September. The actual duration of 
the crop depends on the variety. With the 
introduction of new short duration varieties, 
particularly in the land brought under irrigated 
cultivation, three crops each of 3-4 month duration 
have been attempted. For paddy cultivation, Sri Lanka 
can be divided into two main zones, the wet zone and 
the dry zone; the wet zone lying in the southwestern 
part and the dry zone covering the eastern and 
northern parts. The paddy fields in the wet zone are 
under submerged conditions for a longer period of time 
than the fields in the dry zone. In the wet zone, 
there are also areas where the fields are under 
submerged conditions all the time. This varying 
nature of the paddy fields from being dry to wet and 
from long to short term flooding, has important 
implications to the amount of methane the fields would 
produce. Table 2.2 gives details of paddy cultivation 
in the country for 1989/90 seasons. The fertilizer 
applied to paddy fields in Maha season is around 98 kt 
while that for Yala season is 46 kt. 
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Table 2 .2 
Zone Season Area cultivated 
• in 1989/90 (ha) 




Dry Maha 366,600 
Yala 186,100 
In addition to the above traditional crops, new land 
is being opened up for cultivating other crops, 
particularly for export and use as industrial raw 
materials. With the commissioning of a massive 
irrigation scheme whereby a major river was diverted 
to take water to the dry areas of the northeastern 
part of the country, an extent of 51,000 ha forest 
land has been converted to agriculture land over the 
last two decades. 
2 . 2 . 2 Forest land 
According to an inventory taken in 1985, forest cover 
in Sri Lanka comprised of the following (FRDP, 1986). 
Natural Forest - wet zone 
Natural Forest - dry zone 
Scrub land (dry zone) 
Forest plantations 
Mangroves 







The forest in the wet zone is exploited for logging at 
a rate of about 1500 ha annually. In the dry zone the 
natural forest cover has been depleting at a rate of 
42,000 ha per annum over the period 1956-81. The land 
is cleared both for shift cultivation and commercial 
agricultural purposes. The present rate of forest 
clearing is estimated at 30,000 ha annually. It is 
also estimated that forest land gets destroyed by 
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forest fires to an extent of 2000 ha annually. 
According to the Forest Department, new plantations 
are established annually including restocking of 
existing plantations introducing non-plantation trees 
and converting of grasslands to forests. The total 
extent planted in 1988 was 5900 ha while in 1989 it 
was 6250 ha (Conservator of Forests, 1991). 
In order to determine accurately the emission of 
various GHG caused by forest clearing and development 
activities, detailed information such as the density 
of forest cover, amount of biomass contained above the 
ground, percentage of such biomass burned and 
percentage allowed to decay, amount of organic matter 
in soils etc. are required. Most of these information 
are lacking in Sri Lanka. Though some estimated 
values are given for general application, some of 
these may not be applicable to Sri Lanka, as our 
pattern of chena (shift) cultivation and land clearing 
including logging are different to those practiced in 
other countries. 
2.2.3 GHG Emissions from Forests and Agricultural land 
2.2.3.1 CO., Emissions 
The OECD Report on 'Estimation o f Greenhouse Gas 
Emissions and Sinks' prepared for the 
intergovernmental Panel on Climatic Change (IPCC) has 
given methodologies for the determination o f the 
emission rates of these gases from various sources 
(OECD, 1991). In this report, these methodologies are 
adopted in general. Forest clearing and subsequent 
burning of the biomass or allowing it to decay give 
rise to emission of C0 2, CH4, CO and N 20. The burning 
will release the carbon instantaneously while decaying 
will release the carbon over a period of time. Hence 
the annual contribution will be only a fraction of the 
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not r e l e a s e a l l the carbon, but may l eave a r e s i d u e in 
the form of c h a r c o a l , es t imated t o be about 9%. 
The above Report recommends a r a t i o of 45:55 a s t h a t 
burned and t h a t allowed t o decay. However, 
cons ider ing the s i t u a t i o n in S r i Lanka, a r a t i o of 
75:25 was assumed for the corresponding amounts. The 
Report adopts for the amount of carbon in aboveground 
biomass in t r o p i c a l f o r e s t s in As ia a s 97 t ( C ) / h a for 
c lo sed f o r e s t s and 27 t ( C ) / h a for open f o r e s t s . S ince 
most of the f o r e s t c l e a r i n g in S r i Lanka t a k e s p l a c e 
in the dry zone where the ^forest cover may not have a 
continuous canopy, an average va lue of 60 t ( C ) / h a was 
assumed for the carbon content in aboveground biomass . 
Furthermore, the biomass was assumed t o g e t decayed 
over a per iod of 10 y e a r s . 
(a) Annual Carbon r e l e a s e d from Burning (ACB) 
= (Annual f o r e s t area c l eared) x 
(Above ground carbon per un i t area ) x 
(Percentage burned) x (Percentage burnt) 
= 32,000 X 60 x 0.75 X 0.91 t (C) 
ACB = 1,310 X 10 3 t (C) 
(b) Annual Carbon r e l e a s e d on Decaying (ACD) 
= (Annual f o r e s t area c l eared) x 
(Above ground carbon per un i t area) x 
(Percentage not burned) x (Annual 
Contribution) 
= 30,000 X 60 X 0.25 X 0.1 t (C) 
ACD = 45 X 10 3 t (C) 
(c) Tota l Carbon r e l e a s e d 
from burning & decaying = 1,355 x 10 3 t (C) 
Eq. COz r e l e a s e d = 1,355 x 44/12 x 10 3 
- 4 , 9 68 X 10 3 t (C0 2 ) 
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During f o r e s t • c l e a r i n g , d i s turbances t o the s o i l 
causes r e l e a s e of carbon from the organic subs tance in 
the s o i l . The OECD Report s u g g e s t s a f r a c t i o n 2 5 - 5 0 
% a s the amount of carbon r e l e a s e d . I t a l s o g i v e s the 
carbon content in t r o p i c a l f o r e s t s o i l s a s 120 t ( C ) / h a 
for moist s o i l and 50 t ( C ) / h a for dry s o i l . S ince in 
S r i Lanka, f o r e s t c l e a r i n g i s mostly c a r r i e d out in 
the dry zone, a va lue of 60 t ( C ) / h a , being c l o s e r t o 
the lower l i m i t , i s assumed. I t i s a l s o assumed t h a t 
t h i s carbon i s r e l e a s e d t o the atmosphere over a 
per iod of 25 years and tha t the f r a c t i o n r e l e a s e d i s 
1/3. 
(d) Annual Carbon r e l e a s e d from S o i l s (ACS) 
= (Annual f o r e s t area c l eared) x 
(Carbon in s o i l ) x 
(Fract ion re l eased) x 1 /period 
= 32,000 X 60 X 1/3 X 1/25 t (C) 
ACS, = 25 . 6 X 10 3 t (C) 
(e) Tota l Carbon r e l e a s e d 
due t o f o r e s t c l e a r i n g = ACB + ACD + . ACS 
= 1,381 X 10 3 t (C) 
E q . C02 = 5,064 X 10 3 t (C0 2 ) 
Crutzen and Andreae (1990) has est imated the l e v e l s of 
GHG emiss ion worldwide due to changes in f o r e s t a r e a 
and a s s o c i a t e d biomass burning in the t r o p i c s , and has 
suggested a range (4 - 8) Tg (C02) for S r i Lanka. The 
va lue obtained above (5 Tg (C0 2)) l i e s within t h i s 
range . 
While d e f o r e s t a t i o n r e s u l t s in the r e l e a s e of COz, any 
r e f o r e s t a t i o n w i l l r e s u l t in i t s uptake. The F o r e s t 
Department has r e g u l a r programmes t o e s t a b l i s h new 
f o r e s t p l a n t a t i o n s . Assuming a maturity per iod of 20 
y e a r s , and aboveground carbon content of 90 t ( C ) / h a , 
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( f ) Average Annual Carbon Uptake 
- 6,250 X 90/20 t (C) 
= 28 X 10 s t ( C ) 
Eq. C0 2 uptake - 103 x 10 5 t(CO z) 
(g) The net COz emission due t o f o r e s t r y a c t i v i t i e s 
= (5,064 - 103) X 10 3 t (C0 2 ) 
C0 2 emiss ion from f o r e s t s 
- 4 ,961 x 10 s t (C0 2 ) or 
5 .0 Tg (C0 2) 
2 . 2 . 3 . 2 CH^  Emissions 
Methane i s emitted in s e v e r a l ways from f o r e s t and 
a g r i c u l t u r a l land . The natura l p r o c e s s e s a r e 
m i c r o b i o l o g i c a l a c t i v i t i e s in lagoons and marshes, and 
e n t e r i c fermentation in ruminant an imals . Among the 
human a c t i v i t i e s a r e r i c e c u l t i v a t i o n , land f i l l i n g , 
d e f o r e s t a t i o n and s h i f t c u l t i v a t i o n . The v a r i o u s 
« emission f a c t o r s necessary for e s t imat ing the emiss ion 
va lues a r e adopted from the OECD Report. 
(a) Emissions from lagoons and marshes; 
There i s a wide v a r i a t i o n in the emiss ion f a c t o r s 
for d i f f e r e n t types of wetlands, and in t h i s 
study only some r e p r e s e n t a t i v e v a l u e s a r e assumed 
based on OECD repor t d a t a . In S r i Lanka, s e v e r a l 
types of wetlands occur; both inland f r e s h water 
type and c o a s t a l brack i sh water t y p e . Table 2.3 
l i s t s a breakdown of these wetlands according t o 
a d i r e c t o r y compiled by Kotagama e t a l . (1989) . 
S ince some of the inland wetlands remain 
submerged only during the ra iny season , t h e i r 
. emiss ion has been assumed to t a k e p l a c e only 
during h a l f the y e a r . 
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f a c t o r 
g /ha /day 
Emission 
t(CH 4-C) 
E s t u a r i e s 40,000 365 750 10,950 
Lagoons 20,000 365 1,000 7,300 
Mangroves 6,300 365 1,500 3,450 
V i l l u ( f r e s h 
water) 
12,500 180 750 1,688 
R e s e r v o i r s 170,000 365 300 18,615 
Tota l 42,003 
Tota l CHA emission from wetlands = 56 kt(CH 4) 
(b) Emission from ruminant animals: 
The CH4 emissions from ruminant animals depend on 
s e v e r a l f a c t o r s such a s weight of an imals , energy 
i n t a k e , d i g e s t a b i l i t y and feeding p a t t e r n s . In 
the absence of these information a ' r u l e of 
thumb' has been used to determine the emission 
r a t e s which depend only on the weight of the 
animals . To s impl i fy the c a l c u l a t i o n , a t y p i c a l 
va lue was taken t o represent the e n t i r e animal 
populat ion of each type , a s given in Table 2 .4 . 
The emission f a c t o r was c a l c u l a t e d us ing the 
formula. 
Emission f a c t o r = 0.8 x (wt ) 0 , 7 5 kg/head /yr a s 
given in the OECD Report. 
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f a c t o r 




C a t t l e 1,819,900 300 57 .7 105X103 
Buffa lo 967,000 400 71 .6 69X103 
Goat 518,800 150 34.2 17xl0 3 
Sheep 29,000 100 25.4 750 
Tota l CH4 emission from ruminant animals 192X103 
1 A g r i c u l t u r a l census, 1989, Dept of Census & S t a t i s t i c s 
2 Est imated va lues 
(c) Emissions from animal waste: 
Animal waste when decomposed under anaerobic 
condi t ions y i e l d methane. Severa l f a c t o r s such 
a s moisture content , method of s t o r a g e , v o l a t i l e 
s o l i d content, animal weight e t c . govern the 
a c t u a l emission. Some of t h e s e f a c t o r s a s 
a p p l i c a b l e to condi t ions in developing countr i e s 
a r e reported in the O E C D Report and a r e used in 
the present c a l c u l a t i o n s . These a r e given in 
Table 2 . 5 . 
Table 2 . 5 






V o l a t i l e 








Potent ia l 
m 3/kg ofVS 
Grazing c a t t l e 300 12.5 15 5 0.10 
Dairy c a t t l e 300 15.6 15 10 0.14 
Buf fa lo 400 12 .5 15 5 0.10 
Goat 150 1.8 27 5 0.13 
Pig 100 4 . 1 10 5 0.29 
Poultry 1 0.12 19 5 0.26 
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Using the above d a t a , the emission f a c t o r for each 
animal type was c a l c u l a t e d by us ing the formula. 
Emission Factor = V S x B 0 x MCF x 365 x 0.662 x 10"9 
The fol lowing va lues a r e given in Table 2 . 6 , along 
with the data on animal populat ion . 
Table 2 .6 








Grazing c a t t l e 1,589,200 680 1,080 
Dairy c a t t l e 230,700 2,375 548 
Buffa lo 967,000 906 876 
Goat 518,800 115 60 
Pig 94,400 144 14 
Poultry 8,833,000 7.2 63 
Tota l CH4 emission from animal waste 2,640 
0 
(d) Emission from l a n d f i l l s : 
Microbial p r o c e s s e s taking p l a c e in Municipal 
S o l i d Waste (MSW) under anerobic condi t ions y i e l d 
methane. The r a t e of emission depend on s e v e r a l 
f a c t o r s such as moisture content, n u t r i e n t s , land 
f i l l temperature, amount of degradable organic 
carbon (DOC), and f r a c t i o n d i s s i m i l a t e d . 
According to a recent study c a r r i e d out by the 
National Bui lding Research Organisat ion (NBRO), 
the MSW generated in the g r e a t e r Colombo area 
amounts to 867 t / d a y ( I l langovan, 1991) . The DOC 
was found to vary between 65% - 85% depending on 
the income group. Hence, an average va lue of 75% 
« was assumed in t h i s study. The OECD report 
recommends a va lue of 77% for the f r a c t i o n 
• d i s s i m i l a t e d . The microbial a c t i o n generates a 
mixture of g a s e s and the CH4 content was assumed 
t o be 50%. 
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T h e t o t a l CH 4 e m i t t e d f r o m l a n d f i l l s 
= 8 6 7 X 3 6 5 X 1 X 0 . 7 5 X 0 . 7 7 X 0 . 5 X 1 6 / 1 2 
= 1 2 2 X 1 0 3 t ( C H 4 ) 
( e ) E m i s s i o n f r o m p a d d y f i e l d s : 
T h e e m i s s i o n r a t e s v a r y w i t h t h e e x t e n t o f 
f l o o d i n g o f t h e f i e l d s . T h e OECD R e p o r t g i v e s 
t w o r a t e s , a l o w v a l u e 0 . 1 9 g / m 2 / d a y f o r d r y 
c o n d i t i o n s a n d a h i g h r a t e , 0 . 6 9 g / m 2 / d a y f o r 
s u b m e r g e d c o n d i t i o n s . T h e h i g h v a l u e w a s u s e d 
w i t h w e t z o n e f i e l d s w h i l e t h e l o w v a l u e w a s u s e d 
w i t h t h e d r y z o n e f i e l d s . F o r t h e M a h a s e a s o n , 
a t o t a l d u r a t i o n o f 1 5 0 d a y s a n d f o r Y a l a s e a s o n , 
a d u r a t i o n o f 1 2 0 d a y s w e r e a s s u m e d . T h e a r e a 
u n d e r c u l t i v a t i o n f o r d i f f e r e n t z o n e s a n d s e a s o n s 
a n d t h e c o r r e s p o n d i n g h a / d a y s a r e g i v e n i n T a b l e 
2 . 7 ( A g r i c u l t u r a l I m p l e m e n t a t i o n P r o g r a m m e , 
1 9 9 1 ) . T h e e m i s s i o n r a t e i s : 
E m i s s i o n R a t e = A r e a x D a y s x E m i s s i o n F a c t o r 
T a b l e 2 . 7 
Z o n e S e a s o n A r e a 
c u l t i v a t e d 
( h a ) 
D u r a t i o n 
( d a y s ) 
E m i s s i o n 
R a t e 
g / m 2 / d a y 
E m i s s i o n 
t ( C H 4 ) / y r 
Wet Maha 1 5 2 , 6 4 0 150 0 . 6 9 1 5 8 . 0 X 1 0 3 
Wet Y a l a 1 2 2 , 8 2 0 120 0 . 6 9 1 0 1 . 7 X 1 0 3 
D r y Maha 3 6 6 , 6 5 0 150 0 . 1 9 1 0 4 . 5 X 1 0 3 
D r y Y a l a 1 8 6 , 1 4 0 120 0 . 1 9 4 2 . 4 X 1 0 3 
T o t a l e m i s s i o n f r o m p a d d y f i e l d 4 0 6 . 6 X 1 0 3 
( f ) E m i s s i o n d u e t o f o r e s t c l e a r i n g : 
T h e a m o u n t o f m e t h a n e r e l e a s e d a s a r e s u l t o f 
b i o m a s s b u r n i n g a f t e r f o r e s t c l e a r i n g i s g i v e n i n 
t h e OECD R e p o r t a s a f u n c t i o n o f t h e a n n u a l 
c a r b o n r e l e a s e d a f t e r b u r n i n g ( A C B ) . U s i n g t h e 
a v e r a g e o f t h e l o w a n d h i g h e m i s s i o n f a c t o r s 
g i v e n i n t h e R e p o r t , a n d t h e v a l u e f o r ACB g i v e n 
i n E q . l i n s e c t i o n 2 . 2 . 3 . 1 
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CH4 released due to forest clearing and burning 
1,310 x 10 3 x 9 x 10"3 t(CH4-C) 
11.8 x 10 3 t(CH4-C) 
15.7 x 10 3 t(CH4) 
(g) The gross emission of CH4 from forest and 
agricultural land will then be 
(a) Lagoons and marshes - 56. 0 X 103 t(CH4) 
(b) Ruminant animals - 192. 0 X io 3 
(c) Animal waste 2. 6 X 103 
(d) Landfills 122. 0 X 103 
(e) Paddy fields 406. 6 X 10 3 
(f) Forest clearing 15. 7 X 103 
Total 794. 9 X 103 t(CH4) 
CO Emission 
The burning of biomass after forest clearing could 
yield CO also. Since such burning takes place in open 
air, CO emission will be relatively small compared to 
that from burning in restricted space. The OECD 
report gives two limiting rates for calculating CO 
emissions. 
CO-C emission = (Animal carbon released from 
burning) x k 
Where k has the limiting values 0.075 and 0.125. 
Taking this average of 0.10 for k and 1,310 x 103 t(C) 
from eq (1) for animal carbon released from burning, 
CO emission from forest burning = 131 x 103 t(C) or 
306 x 103 t(CO) 
2.2.3.4 N->0 Emissions 
Nitrous oxide gets released into the atmosphere during 
forest clearing as well as from the use of nitrogen 
containing fertilizers. It is also released from 
tropical forest soils due to natural microbial 
processes with a total global flux in the range 
(2.2 - 3.7) Tg (N) per year (WMO/UNEP, 1990). 
2.2.3.3 
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Emission from f o r e s t c l e a r i n g : 
The emission f a c t o r s given in the OECD Report a r e 
used in t h i s determination. 
N20 r e l e a s e d = (Annual f o r e s t a r e a c leared) x 
{0.0038 t(N) + (Above ground carbon/area) x 
(Ratio burned) x 1/100 x 0.007 t ( N ) ) 
The va lues 0.0038 and 0.007 a r e the averages of 
the low and high va lues given in the OECD Report 
which are (0 .0021 and 0.0055) and (0.007 and 
0.009) r e s p e c t i v e l y . Using the v a l u e s given in 
s ec t ion 2 . 2 . 3 . 1 for f o r e s t c l e a r a n c e and carbon 
content. 
N20 r e l e a s e d = 32,000 <3.8xl0" 3 +60x.75/100x7xl0" 3 } 
= 222 t(N) or 
N20 from f o r e s t s c l e a r i n g = 349 t(N 2 0) 
Emission from f e r t i l i z e r use : 
The N20 emiss ions depend on the conversion 
f a c t o r s as well a s Nitrogen f e r t i l i z e r q u a n t i t i e s 
appl ied during the year . S ince data on the 
ac tua l a p p l i c a t i o n s a r e not r e a d i l y a v a i l a b l e for 
each type of f e r t i l i z e r s , da ta on the annual 
imports given in the customs re turns are used in 
t h i s study (External Trade S t a t i s t i c s , 1991) . 
The conversion f a c t o r s a l s o depend on s e v e r a l 
f a c t o r s , including the crop type , s o i l moisture 
content and other s o i l c h a r a c t e r i s t i c s . However, 
an average va lue i s taken here with a p o s s i b l e 
maximum of 10 t imes more. The es t imates a r e 
given in Table 2 . 8 . 
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Table 2 .8 • 










re l eased 
t(N) 
Urea 144,059 46 0 .11 72.9 
Amm. Sulphate 90,545 21 0.12 22.8 
Amm. N i t r a t e 921 33.5 0.26 0.8 
Amm. N i t r a t e 
mixtures 
6.6 20.5 0.26 < . l 
Diamm Phosphate 63 20 0 .11 < . l 
Total N20 emitted 96.5 t(N) 
N20 emitted from f e r t i l i z e r use = 152 t(N zO) 
(c) Emission from f o r e s t s o i l s : 
I t i s thought t h a t N20 i s emitted l a r g e l y from 
t r o p i c a l f o r e s t s o i l s through d e n i t r i f i c a t i o n 
proces se s and i t s g loba l f lux i s es t imated to l i e 
in the range (2.2 - 3.7) Tg (N) per year . The 
emission r a t e s from t r o p i c a l f o r e s t s average 
about 2 x 10 1 0 molecules N 2 0/cm 2 /sec or 4.6 
kg/ha/year (WMO, 1985). The N20 emission from 
S r i Lanka's 1.75 mi l l ion ha of n a t u r a l f o r e s t s 
w i l l then be 9.2 x 10 3 t / y r . 
2 . 2 . 3 . 5 Summary 
The emission of GHG from f o r e s t and a g r i c u l t u r a l land 
i s summarized in Table 2 .9 . 
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Table 2.9 
S o u r c e E m i s s i o n R a t e k t / y r 
C O , C O N , 0 
F o r e s t c l e a r i n g 4 , 9 6 0 1 5 . 7 3 0 6 0 . 3 5 
F o r e s t s o i l s — 9 . 2 
L a g o o n s & M a r s h e s 5 6 . 0 
A n i m a l s & w a s t e s 1 9 4 . 6 
L a n d f i l l s 1 2 2 . 0 
P a d d y f i e l d s 4 0 6 . 6 
F e r t i l i z e r u s e — 0 . 1 5 
T o t a l 4 , 9 6 0 7 9 5 3 0 6 9 . 7 
2 .3 I n d u s t r i a l S o u r c e s 
I n d e t e r m i n i n g t h e i n d u s t r y c o n t r i b u t i o n s t o GHG e m i s s i o n s , 
t h e c o m p o n e n t a r i s i n g o u t o f b u r n i n g o f f u e l t o g e n e r a t e 
e l e c t r i c a l o r m o t i v e p o w e r o r h e a t i n g i s e x c l u d e d . T h i s 
c o m p o n e n t w i l l b e a c c o u n t e d f o r i n t h e s e c t i o n o n e n e r g y . 
O n c e t h i s c o m p o n e n t i s e x c l u d e d o n l y a f e w s o u r c e s r e m a i n ; 
t h e c o n t r i b u t i o n f r o m c e m e n t a n d l i m e i n d u s t r i e s a n d f r o m 
b a k e r i e s a n d d i s t i l l e r i e s i n d u s t r y , b o t h o f w h i c h r e l e a s e 
C 0 2 . A s i g n i f i c a n t a m o u n t o f n o n - m e t h a n e v o l a t i l e o r g a n i c 
c o m p o u n d (NMVOC) a l s o g e t r e l e a s e d f r o m p a i n t a n d p l a s t i c s 
i n d u s t r i e s . H o w e v e r , i n t h e a b s e n c e o f e m i s s i o n f a c t o r s 
f o r t h e s e c o m p o u n d s , t h e y a r e n o t i n c l u d e d i n t h i s s t u d y . 
2 . 3 . 1 C e m e n t I n d u s t r y 
I n c e m e n t p r o d u c t i o n , l i m e s t o n e ( C a C 0 3 ) i s b u r n t w i t h 
c l a y , y i e l d i n g CaO a n d C 0 2 . T h e f i n i s h e d p r o d u c t 
c o n t a i n s CaO i n t h e r a t i o 6 2 - 6 5 % . T a k i n g a n a v e r a g e 
o f 6 3 . 5 % , t h e a m o u n t o f C 0 2 r e l e a s e d i n t h e p r o c e s s , a s 
a f r a c t i o n o f c e m e n t i s : 
6 3 . 5 4 4 
1 0 0 5 6 
0 . 5 0 
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S r i Lanka has two cement f a c t o r i e s and two other 
f a c t o r i e s producing cement from c l i n k e r . The annual 
production during the years 1989 and 1990 i s given in 
Tab le 2.10 (Central Bank, 1991). 
Table 2 .10 
Product 1989 1990 
Cement ( t ) 595,621 578,860 
C l i n k e r ( t ) 369,371 442,879 
T o t a l 964,992 1,021,739 
CO? { t (C0 ?)} 482,500 510,870 
The current production of C02 from cement industry can 
be taken a s : 
COz from cement industry = 510.9 kt (C02) 
* 
2 .3 .2 Lime Industry 
*' Lime i s a raw mater ia l for s e v e r a l i n d u s t r i a l products 
o ther than cement. I t i s widely used in bu i ld ing 
indus try and a l s o as a f e r t i l i z e r . Lime i s 
manufactured in S r i Lanka mostly a s a co t tage industry 
and hence production q u a n t i t i e s a r e not documented 
p r o p e r l y . Limestone i s burned in k i l n s to y i e l d lime 
(CaO) and the raw mater ia l i s obtained mostly from 
South - Western c o a s t a l inland c o r a l and s h e l l 
d e p o s i t s . The annual production from t h i s source i s 
e s t imated to be in the range 30,000 - 35,000 tons of 
l ime (Herath, 1990). Another source of lime i s 
dolomite (CaC03.MgC03) found in the h i l l country. The 
r a t i o of CaC03 to MgC03 v a r i e s with the locat ion and i s 
i n the range 60 - 40%. The t o t a l production of l ime 
from dolomite i s est imated to be around 10,000 tons of 
* l ime per year . A t h i r d source i s the inland l imestone 
found in the northern region. The production of l ime 
• from t h i s source i s est imated t o be around 10,000 tons 
p e r year . 
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Assuming a t o t a l production of 55,000 tons of l ime per 
year , the amount of C02 r e l e a s e d during i t s manufacture 
i s : 
C02 from lime industry = 55,000 x 44/56 t 
43.2 kt(C0 2 ) 
2 . 3 . 3 Bakeries and Breweries 
Carbon dioxide could be r e l e a s e d during fermentation 
processes us ing y e a s t in b a k e r i e s and breweries . 
Though s t a t i s t i c s on the f in i shed product a r e 
a v a i l a b l e , the emission r a t e s of C0 2 from these sources 
a r e not r e a d i l y a v a i l a b l e even t o make any rough 
e s t imate s . 
2.4 Transport Sector 
The greenhouse gas generated in the t r a n s p o r t s e c t o r i s 
« mainly the C0 2 . Though CO and N0X a r e r e l e a s e d they a r e not 
considered a s contr ibut ing t o the greenhouse e f f e c t . 
However, a s a source of p o l l u t i o n a t the ground l eve l t h e i r 
presence i s important. Hydrocarbons a r e a l s o emitted from 
v e h i c l e s , but for t h i s study only the methane emission i s 
considered. The c a l c u l a t i o n of the emission r a t e s of these 
p o l l u t a n t s require a knowledge of the fue l consumed by each 
c l a s s of veh ic l e s a s the emiss ion f a c t o r s depend on i t 
p a r t i c u l a r l y the weight of the v e h i c l e , but t h i s d a t a i s 
not read i ly a v a i l a b l e . For the sake of completeness, the 
emission r a t e s of the p o l l u t a n t s CO and N0X are a l s o given 
in t h i s s e c t i o n , c a l c u l a t e d on the b a s i s of s e v e r a l 
assumptions as to the amount of fue l consumed by d i f f e r e n t 
c l a s s e s of v e h i c l e s . 
Fuel Consumption 
S r i Lanka depends t o t a l l y on petroleum products for 
i t s energy requirements in the t r a n s p o r t s e c t o r . Auto 
d i e s e l , gaso lene , a v i a t i o n g a s o l e n e , a v i a t i o n turb ine 
fuel and marine d i e s e l a r e consumed by road v e h i c l e s , 
2 . 4 . 1 
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a i r and marine veh ic l e s and account f o r 55% of the 
t o t a l commercial energy consumed in the country. Out 
of petroleum products consumed, the t r a n s p o r t s e c t o r 
consumption was the h i g h e s t , being 60% while the 
balance was shared more or l e s s equa l ly between 
industry and households. During the per iod 1 9 8 5 - 1 9 9 0 , 
the gaso lene consumption showed an average growth r a t e 
of about 8% per year while auto d i e s e l consumption 
showed only a 1% per year growth r a t e . The 
consumption data of petroleum products in the 
t r a n s p o r t s e c t o r a r e given in Table 2 . 1 1 for the years 
1 9 8 9 and 1 9 9 0 (CEB, 1 9 9 1 ) . The q u a n t i t i e s s o l d for 
a v i a t i o n a r e not included in t h i s s tudy. 
Table 2 .11 
Fuel Consumption kt 
1 9 8 9 1 9 9 0 
Gasolene 1 5 8 . 4 4 1 6 5 . 1 2 
Auto-diese l 4 5 8 . 1 1 4 6 2 . 7 3 
Locomotives 1 7 . 0 8 2 1 . 9 6 
2 . 4 . 2 Vehicle Population 
S r i Lanka's vehic le populat ion i s shown in Table 2 . 1 2 
for the l a s t three years (RMV, 1 9 9 1 ) . 
Table 2.12 
C l a s s 1 9 8 8 1 9 8 9 1 9 9 0 
Cars 1 5 5 , 1 9 4 1 6 3 , 7 7 9 1 7 3 , 5 1 9 
2 - Wheelers 2 4 0 , 8 6 9 3 0 7 , 3 9 2 3 9 1 , 7 3 2 
Buses 3 7 , 3 8 1 3 7 , 9 5 3 3 9 , 0 7 4 
Vans 1 1 , 2 4 9 1 4 , 3 9 7 1 9 , 6 2 2 
L o r r i e s 9 6 , 8 0 0 9 9 , 0 0 0 1 0 1 , 6 7 1 
Land v e h i c l e s 6 1 , 7 1 7 6 4 , 0 0 8 6 6 , 4 0 7 
Others 8 2 0 8 3 4 8 5 5 
Tota l 6 0 4 , 0 3 0 6 8 7 , 3 6 3 7 9 2 , 8 8 0 
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T h e m o t o r c a r p o p u l a t i o n h a s g r o w n a t a r a t e a b o u t 
5 . 6 % p e r y e a r d u r i n g t h i s p e r i o d w h i l e t h e t o t a l 
v e h i c l e s p o p u l a t i o n h a s g r o w n a t a r a t e i n t h e r a n g e 
1 3 - 14% p e r y e a r . T h e c o n t r i b u t o r y f a c t o r f o r t h i s 
h i g h r a t e i s t h e r a p i d i n c r e a s e i n t h e m o t o r c y c l e ( 2 
- w h e e l ) p o p u l a t i o n w h i c h h a s s h o w n a g r o w t h r a t e o f 
24% p e r y e a r . On t h e o t h e r h a n d , t h e g r o w t h r a t e o f 
h e a v y v e h i c l e s , b u s e s a n d l o r r i e s s h o w e d o n l y l e s s 
t h a n 5% g r o w t h r a t e . T h i s d i f f e r e n t i a l i n t h e g r o w t h 
r a t e s o f g a s o l e n e f u e l e d a n d d i e s e l f u e l e d v e h i c l e s i s 
a l s o r e f l e c t e d i n t h e g r o w t h r a t e s o f a c t u a l f u e l 
c o n s u m p t i o n s . 
S r i L a n k a ' s v e h i c l e p o p u l a t i o n d e n s i t y , t h o u g h l o w i n 
c o m p a r i s o n t o t h a t i n t h e d e v e l o p e d c o u n t r i e s , i s 
r e l a t i v e l y h i g h a m o n g d e v e l o p i n g c o u n t r i e s i n A s i a . 
T h e t o t a l v e h i c l e p o p u l a t i o n d e n s i t y i s 4 5 p e r 1 0 0 0 
p e r s o n s w h i l e f o r m o t o r c a r s i t i s 1 0 p e r 1 0 0 0 
p e r s o n s . T h e f i g u r e s f o r t o t a l v e h i c l e s a r e s e c o n d 
o n l y t o t h o s e f o r S i n g a p o r e a n d H o n g K o n g , b e i n g 1 8 9 
a n d 5 6 p e r 1 0 0 0 p e r s o n s , r e s p e c t i v e l y ( W o r l d B a n k , 
1 9 9 0 ) . T h e c o r r e s p o n d i n g v a l u e s f o r I n d i a a n d 
P a k i s t a n a r e a r o u n d 5 p e r 1 0 0 0 p e r s o n s . 
GHG e m i s s i o n 
I n o r d e r t o c a l c u l a t e t h e e m i s s i o n o f g r e e n h o u s e a n d 
o t h e r g a s e s f r o m v e h i c l e s s u c h f a c t o r s a s w e i g h t o f 
v e h i c l e s , f u e l e c o n o m y a n d t y p e o f f u e l h a v e t o b e 
t a k e n i n t o c o n s i d e r a t i o n , a n d a w e i g h t e d v a l u e h a s t o 
b e o b t a i n e d . S i n c e t h i s i s r a t h e r a t e d i o u s t a s k , a 
s i m p l i f i e d m e t h o d w a s u s e d t o e s t i m a t e t h e e m i s s i o n 
r a t e s b a s e d o n t h e e m i s s i o n f a c t o r s w o r k e d o u t a s a 
f u n c t i o n o f t h e f u e l c o n s u m e d f o r d i f f e r e n t t y p e o f 
v e h i c l e s w i t h a g i v e n f u e l e c o n o m y v a l u e . T h e s e 
v a l u e s , a d o p t e d f r o m t h e OECD R e p o r t a r e g i v e n i n 
T a b l e 2 . 1 3 i n r e s p e c t o f v e h i c l e s w i t h o u t e m i s s i o n 
c o n t r o l s . 
V e h i c l e T y p e E m i s s i o n fac%pr> L g / M J 
CO, CO 
G a s o l e n e c a r s 
( F u e l e c o n o m y = 6 k m / 1 ) 
6 9 . 3 7 . 3 3 0 . 0 3 1 4 
G a s o l e n e m o t o r c y c l e s 
( F u e l e c o n o m y = 1 2 . 8 k m / l ) 
6 9 . 3 9 . 2 0 . 0 1 3 0 . 0 7 
D i e s e l h e a v y v e h i c l e s 
( F u e l e c o n o m y = 2 . 2 k m / 1 ) 
7 3 . 3 0 . 5 1 0 . 0 1 1 . 0 1 
D i e s e l l i g h t v e h i c l e s 
( F u e l e c o n o m y = 4 . 3 k m / l ) 
7 3 . 3 0 . 9 1 0 . 0 0 0 . 1 7 
I t i s s e e n f r o m T a b l e 2 . 1 3 t h a t t h e CO e m i s s i o n i s 
h i g h e s t f r o m g a s o l e n e v e h i c l e s w h i l e N 0 X i s h i g h e s t 
f r o m d i e s e l d r i v e n h e a v y - d u t y v e h i c l e s . T h e c a t e g o r y 
r e f e r r e d t o a s h e a v y d u t y d i e s e l v e h i c l e s i n t h e 
OECD r e p o r t a r e t h o s e h e a v i e r t h a n 3 . 8 t . H o w e v e r , i n 
S r i L a n k a m o s t o f t h e l o r r y p o p u l a t i o n i s i n t h e 2 -
5 t o n n e r a n g e . H e n c e t h e d i e s e l c o n s u m e d c o u l d b e 
s p l i t b e t w e e n h e a v y d u t y v e h i c l e s a n d l i g h t d u t y 
v e h i c l e s i n a n a p p r o p r i a t e r a t i o . I n t h e a b s e n c e o f 
a n y d a t a , e q u a l d i s t r i b u t i o n b e t w e e n t h e t w o 
c a t e g o r i e s i s a s s u m e d . T h e R e g i s t r a r o f M o t o r 
V e h i c l e s n o l o n g e r m a i n t a i n s r e c o r d s a c c o r d i n g t o t h e 
w e i g h t o f t h e v e h i c l e . O t h e r w i s e a m o r e r e a l i s t i c 
e s t i m a t e c o u l d h a v e b e e n d o n e . 
E v e n i n t h e c a s e o f g a s o l e n e d r i v e n v e h i c l e s , t h e NO x 
e m i s s i o n i s g r e a t e r f o r m o t o r c a r s c o m p a r e d t o m o t o r 
c y c l e s . A s s u c h t h e e m i s s i o n s s h o u l d b e e s t i m a t e d 
s e p a r a t e l y f o r t h e s e c a t e g o r i e s a l s o . T h e m o t o r c y c l e 
p o p u l a t i o n i s s l i g h t l y h i g h e r t h a n a f a c t o r o f 2 , 
w h i l e t h e f u e l e f f i c i e n c y o f m o t o r c y c l e s i s d o u b l e o r 
m o r e t h a n t h a t o f m o t o r c a r s , m a k i n g f u e l c o n s u m p t i o n 
p e r c y c l e h a l f o r b e t t e r t h a n t h a t f o r a c a r . H e n c e , 
t h e g a s o l e n e c o n s u m p t i o n c o u l d b e d i s t r i b u t e d b e t w e e n 
t h e s e t w o c a t e g o r i e s p r o p o r t i o n a t e t o t h e p o p u l a t i o n 
r a t i o . T h e e m i s s i o n f i g u r e s f o r 1 9 9 0 , b a s e d o n t h e 
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e m i s s i o n f a c t o r s g i v e n i n T a b l e 2 .13 , a r e g i v e n i n 
T a b l e 2 .14 . 
Table 2 .14 
V e h i c l e 
T y p e 
F u e l c o n s u m e d E m i s s i o n ( k t ) 
k t 1 0 3 ( G J ) co 2 CO CH 4 
G a s o l e n e 
C a r 













D i e s e l 
L i g h t d u t y 
H e a v y d u t y 


















T o t a l • 29,482 2130.20 72.244 0.274 15.69 
I n v i e w o f t h e m a n y u n c e r t a i n t i e s e n c o u n t e r e d i n 
c a l c u l a t i n g t h e a b o v e f i g u r e s , t h e r e l i a b i l i t y o f t h i s 
i n f o r m a t i o n i s g o o d o n l y a s a n i n d i c a t i o n o f t h e 
o r d e r s o f m a g n i t u d e . 
2.5 Energy Sector 
S r i L a n k a ' s e n e r g y r e q u i r e m e n t s a r e m e t b y b u r n i n g o f 
b i o m a s s , c o m b u s t i o n o f p e t r o l e u m p r o d u c t s a n d h y d r o -
g e n e r a t e d e l e c t r i c i t y . T h e c o u n t r y h a s n o s o u r c e s o f 
f o s s i l f u e l s o f i t s own a n d i t s e n t i r e r e q u i r e m e n t s o f 
t h e s e a r e i m p o r t e d . T a b l e 2 . 1 5 s h o w s t h e c o n t r i b u t i o n s 
f r o m t h e a b o v e s o u r c e s f o r 1 9 9 0 , w i t h t h e h y d r o e l e c t r i c i t y 
c o m p o n e n t c o n v e r t e d t o T o n n e O i l E q u i v a l e n t (TOE) v a l u e 
u s i n g t h e f u e l - e q u i v a l e n t f a c t o r ( 0 . 2 4 0 TOE/MWh) f o r 
e l e c t r i c i t y ( C E B , 1 9 9 1 ) . 
Table 2.15 
F u e l S u p p l y i n 1990 
TOE % 
B i o m a s s 4,719,305 63.1 
P e t r o l e u m 1,995,990 26.8 
H y d r o - e l e c t r i c i t y 754,710 10.1 
T o t a l S u p p l y 7,470,005 100.0 
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2 . 5 . 1 Biomass 
T h e s o u r c e s o f b i o m a s s u s e d f o r e n e r g y s u p p l y a n d t h e 
q u a n t i t i e s c o n s u m e d i n 1 9 9 0 a r e g i v e n i n T a b l e 2 . 1 6 
( C E B , 1 9 9 1 ) . 
Table 2.16 
B i o m a s s T y p e C o n s u m p t i o n 1 9 9 0 
1 0 3 x t o n n e T O E / t 1 0 3 X T O E 
F i r e w o o d ( f o r e s t s & 
h o m e g a r d e n 
6 , 6 9 7 0 . 4 5 3 , 0 1 7 
C o c o n u t r e s i d u e 2 , 1 7 5 0 . 4 5 9 7 9 
T e a p l a n t r e s i d u e 1 1 2 0 . 4 5 5 0 
R u b b e r c r o p s r e s i d u e 4 9 8 0 . 4 5 2 2 4 
M i n o r c r o p s r e s i d u e 8 7 0 . 4 5 3 9 
P a d d y h u s k r e s i d u e 5 0 8 0 . 4 5 * 2 2 7 
S a w - d u s t 4 0 0 . 4 5 1 8 
B a g a s s e 3 7 7 0 . 4 0 1 5 1 
T o t a l 1 0 , 4 9 4 4 , 7 0 5 
I n c a l c u l a t i n g t h e E n e r g y B a l a n c e s t a t e m e n t , t h e 
C e y l o n E l e c t r i c i t y B o a r d u s e s a s t a n d a r d s e t o f 
c a l o r i f i c v a l u e s t o c o n v e r t t h e w e i g h t o f f u e l t o 
t h e i r h e a t v a l u e i n T O E . T h i s c o u l d h o w e v e r y i e l d t o 
e r r o r s o f a f e w p e r c e n t . F o r t h e c o n v e r s i o n o f 
d i f f e r e n t t y p e s o f b i o m a s s , t h e c o n v e r s i o n f a c t o r u s e d 
w a s 0 . 4 5 T O E / t , b a s e d o n a c a l o r i f i c v a l u e o f 4 5 0 0 
k c a l / k g f o r a l l f u e l t y p e s e x c e p t b a g a s s e a n d 
c h a r c o a l . H o w e v e r , i n t h e c a s e o f s p e c i e s c o m m o n l y 
u s e d a s f i r e w o o d , t h e c a l o r i f i c v a l u e v a r i e s i n t h e 
r a n g e 3 0 0 0 - 5 0 0 0 k c a l / k g ( F A O , 1 9 8 6 ) . I n p a r t i c u l a r 
t h e t w o m a j o r t y p e s o f b i o m a s s m a t e r i a l , r u b b e r w o o d 
a n d p a d d y h u s k h a v e c a l o r i f i c v a l u e s o f 3 8 9 0 k c a l / k g 
a n d 3 3 3 0 k c a l / k g , r e s p e c t i v e l y , w h e r e a s i n t h e E n e r g y 
B a l a n c e , b o t h t h e s e m a t e r i a l h a v e b e e n c o n v e r t e d u s i n g 
4 5 0 0 k c a l / k g a s t h e i r h e a t v a l u e . 
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T h e b i o m a s s f o r m s t h e d o m i n a n t c o m p o n e n t i n t h e 
c o u n t r y ' s e n e r g y s o u r c e s . I t s s h a r e o f t h e t o t a l 
e n e r g y s u p p l y c o u l d b e a c c u r a t e l y d e t e r m i n e d o n l y i f 
t h e p h y s i c a l q u a n t i t y o f b i o m a s s c o n s u m e d i s c o r r e c t l y 
c o n v e r t e d t o i t s h e a t v a l u e . I t i s t h e r e f o r e v e r y 
i m p o r t a n t t o c o m p i l e a s e t o f c a l o r i f i c v a l u e d a t a 
a p p l i c a b l e t o l o c a l v a r i e t i e s f o r u s e i n l o c a l e n e r g y 
b a l a n c e s t u d i e s . 
F i r e w o o d a n d o t h e r b i o m a s s a r e u s e d i n b o t h i n d u s t r y 
a n d h o u s e h o l d s f o r h e a t i n g a n d c o o k i n g , r e s p e c t i v e l y . 
T a b l e 2 . 1 7 s h o w s t h e b r e a k d o w n o f f i r e w o o d a n d b i o m a s s 
c o n s u m p t i o n i n v a r i o u s s e c t o r s d u r i n g 1 9 9 0 ( C E B , 
1 9 9 1 ) . 
T a b l e 2 . 1 7 
S e c t o r C o n s u m p t i o n i n 1 9 9 0 
Q u a n t i t y k t % 
C o c o n u t i n d u s t r y 1 6 8 . 5 2 1 . 6 0 
R u b b e r i n d u s t r y 6 4 . 0 0 0 . 6 1 
T e a i n d u s t r y 4 1 2 . 0 0 3 . 9 2 
T o b a c c o i n d u s t r y 1 9 . 0 0 0 . 1 7 
D i s t i l l e r i e s 6 . 0 0 0 . 0 5 
S u g a r i n d u s t r y 3 7 7 . 4 8 3 . 6 0 
B a k e r y 3 8 0 . 0 0 3 . 6 2 
B r i c k s a n d t i l e s 3 4 0 . 0 0 3 . 2 3 
L i m e a n d p o t t e r y 6 0 . 0 0 0 . 5 6 
H o u s e h o l d c o o k i n g 8 , 5 6 0 . 0 0 8 1 . 5 6 
C o m m e r c i a l c o o k i n g 3 2 . 0 0 0 . 3 0 
C h a r c o a l p r o d u c t i o n 6 9 . 0 0 0 . 6 5 
O t h e r 1 4 . 0 0 0 . 1 3 
T o t a l 1 0 , 4 9 4 . 0 0 1 0 0 . 0 0 
T h e l a r g e s t f u e l w o o d c o n s u m i n g s e c t o r i s t h e h o u s e h o l d 
c o o k i n g , h a v i n g a s h a r e o f 8 1 . 6 % . M o s t o f t h e S r i 
L a n k a n p o p u l a t i o n l i v i n g i n r u r a l a r e a s u s e t h e 
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t r a d i t i o n a l t h r e e s t o n e o p e n f i r e p l a c e s o r t h e m u d -
s t o v e f o r c o o k i n g . T h e i r e f f i c i e n c y i s n o m o r e t h a n 
1 0 - 12% a n d h e n c e m o s t o f t h e h e a t e n e r g y c o n t a i n e d 
i n t h e f i r e w o o d i s w a s t e d . T h e i m p r o v e d f i r e w o o d 
s t o r e s i n t r o d u c e d i n r e c e n t t i m e s h a v e e f f i c i e n c i e s 
a b o u t 2 5 - 30% o v e r t h e t r a d i t i o n a l h e a r t h s ( H e r a t h 
a n d M u d i y a n s e , 1 9 8 8 ) . I t i s e s t i m a t e d t h a t s i n c e 
l a u n c h i n g o f t h i s p r o j e c t i n 1 9 8 4 , a b o u t 3 5 0 , 0 0 0 
s t o v e s h a v e b e e n d i s t r i b u t e d a m o n g r u r a l h o u s e h o l d s . 
T h e c a l c u l a t i o n o f t h e c o u n t r y ' s e n e r g y r e q u i r e m e n t s 
o n t h e b a s i s o f e n e r g y o f f u e l u s e d w o u l d g i v e a n 
i n c o r r e c t p i c t u r e . I f t h e e n d - u s e r e n e r g y r e q u i r e m e n t 
i s u s e d i n s t e a d , a m o r e r e a l i s t i c p i c t u r e c o u l d b e 
o b t a i n e d w i t h a l o w e r v a l u e f o r d o m e s t i c c o o k i n g . 
2 . 5 . 2 P e t r o l e u m P r o d u c t s 
T h e p e t r o l e u m p r o d u c t s c o n t r i b u t e d 2 6 . 8 % o f t h e t o t a l 
e n e r g y s u p p l i e d i n t h e c o u n t r y d u r i n g 1 9 9 0 a s s h o w n i n 
T a b l e 2 . 1 8 . A s m a l l c o m p o n e n t o f t h i s q u a n t i t y i s 
u s e d t o s u p p l y s h i p p i n g a n d a v i a t i o n r e q u i r e m e n t s a n d 
t h e b a l a n c e i s c o n s u m e d i n t h e c o u n t r y . A b r e a k d o w n 
o f t h e c o u n t r y ' s c o n s u m p t i o n i s g i v e n i n T a b l e 2 . 1 8 
( C E B , 1 9 9 1 ) . 
T a b l e 2 . 1 8 
F u e l S u p p l y i n 1 9 9 0 
1 0 3 x T O E % T O E / t 
G a s o l e n e 1 8 3 . 2 1 4 1 5 . 5 6 1 . 0 9 
D i e s e l 5 8 0 . 1 3 9 4 7 . 9 9 1 . 0 5 
F u e l o i l 1 5 7 . 2 5 6 1 3 . 0 0 0 . 9 8 
A v i a t i o n g a s o l e n e 0 . 2 6 4 . 0 2 1 . 0 9 
K e r o s e n e 1 7 5 . 9 9 4 1 4 . 5 6 1 . 0 5 
A v t u r 7 4 . 1 6 2 6 . 1 3 1 . 0 5 
LPG 3 6 . 9 9 9 3 . 0 7 1 . 0 6 
C o a l 0 . 9 0 9 . 0 7 0 . 7 0 
T o t a l 1 , 2 0 8 . 9 3 7 1 0 0 . 0 0 
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The l a r g e s t consumption of petroleum products i s in 
the t r a n s p o r t s e c t o r , d i e s e l contr ibut ing 48% and 
gasolene 16%. Another s i g n i f i c a n t quant i ty i s used 
for l i g h t i n g of kerosene lamps while the balance i s 
used up in i n d u s t r y . Table 2.19 g i v e s a breakdown of 
the consumption of energy from petroleum products in 
var ious s e c t o r s , except t r a n s p o r t . 
Table 2.19 
Sector Consum ption in let 
Gasolene Diese l Fuel 
o i l 
Kerosene LPG 
Household 154.311 29.643 
Industry 3.270 21.083 157.250 2.835 
Agricul ture 19.576 24.533 18.848 
Commercial 4.537 6.445 
Tota l 22.846 50.153 157.250 175.994 36.088 
2 .5 .3 Hydro E l e c t r i c i t y 
E l e c t r i c i t y meets around 10% of the country's o v e r a l l 
energy requirements . During 1990, except for a mere 
5 GWh of thermal energy, the e n t i r e requirements 
(3,144.6 GWh) of e l e c t r i c i t y was met by hydro power. 
At present , the country has 1017 MW of i n s t a l l e d 
capac i ty of hydro and 272 MW of thermal power. The 
l a t t e r i s used mainly in dry months when the 
r e s e r v o i r s a r e unable to meet the peak demands. 
Another hydro power s t a t i o n of capac i ty 120 MW i s 
under cons truct ion and s e v e r a l more planned. The 
e n t i r e p o t e n t i a l of the country 's hydro power 
resources i s near ly 2,500 MW but only 582 MW more 
have been found t o be f e a s i b l e for immediate 
development (CEB/CECB, 1989). 
H y d r o - e l e c t r i c i t y i s generated in power s t a t i o n s 
u t i l i z i n g waters of two r i v e r s , Kelani and Mahaweli 
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both of which o r i g i n a t e near the same l o c a l i t y l y ing 
about 1,600 - 1,700 on e l e v a t i o n . However, Kelani 
r i v e r runs westwards while Mahaweli runs in the nor th­
eas t ern d i r e c t i o n . The l i s t of power s t a t i o n s i s 
given in Table 2 .20 . 
Table 2.20 
S t a t i o n s in 
operat ion 
I n s t a l l e d 
c a p a c i t y MW 
Canyon 60 
Old Laxapana 50 
Wimalasurendra 50 
New Laxapana 100 
P o l p i t i y a 75 






I n g i n i y a g a l a 11 
Uda Walawe 06 
Nilambe 03 
Tota l 1,017 
The i n s t a l l e d capac i ty of a lready e s t a b l i s h e d power 
s t a t i o n s i s 1,017 MW. The planned s t a t i o n s within 
the decade a r e l i s t e d in Table 2 .21 (S iyambalap i t iya , 
1991) . 
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Table 2 .21 
Proposed s t a t i o n s I n s t a l l e d 
c a p a c i t y MW 
Samanalawewa (under 120 
construct ion) 
Upper Kotmale 248 
Uma Oya 150 
Kukule Ganga 144 
Broadlands 40 
Tota l 702 
Addit ional s i t e s i d e n t i f i e d 
in Master Plan 870 
Tota l Po tent ia l 1,570 
Hydro power i s cons idered to be one of the c lean power 
sources . Unlike i t s competi tors coa l and nuclear , 
d i r e c t p o l l u t i o n of the environment does not t a k e 
p l a c e with hydro power. However, inundation of 
f e r t i l e v a l l e y s , high c a p i t a l c o s t s , long t ransmiss ion 
d i s t a n c e s a r e some of the d i sadvantages in hydro 
power. 
2 .5 .4 Thermal Power 
The country a t present has 272 MW of i n s t a l l e d 
capac i ty in thermal power. These a r e l i s t e d in Table 
2 .22 , along with the proposed a d d i t i o n s to thermal 
power capac i ty within the next 5 years (Ranaweera, 
1991). 
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Table 2 . 22 
Plant type I n s t a l l e d 
capac i ty MW 
Proposed date 
of i n s t a l l a t i o n 
Steam turbine 50 
Already 
i n s t a l l e d 
Gas turbine 120 
Diese l S'kanda 80 
Diese l 20 
Res idual fuel 
operated 
40 1995 
Res idual fuel 
a d d i t i o n a l 
20 1997 
Gas turbines 44 1997 
In 1990, the contr ibut ion from thermal s t a t i o n s t o t h e 
nat ional e l e c t r i c i t y supply was only 5 GWh, or 0.2% of 
the g r o s s supply! However, t h i s has been much more in 
previous y e a r s ; 2% in 1989, 7.2% in 1988 and 19.6% in 
1987 (Central Bank, 1991b). This marked drop in the 
thermal power s h a r e was due t o both commissioning of 
addi t iona l hydro power un i t s during 1988 and 1990, and 
b e t t e r r a i n f a l l . 
In order to meet the future demands of e l e c t r i c i t y , 
the Ceylon E l e c t r i c i t y Board had proposed s e t t i n g up 
a c o a l - f i r e d p l a n t with i n s t a l l e d c a p a c i t y of 900 MW. 
However, i t d id not rece ive the Government approval 
because of the s e v e r a l o b j e c t i o n s r a i s e d by non­
governmental o r g a n i z a t i o n s on environmental hazards . 
The Master Plan for development of e l e c t r i c i t y has 
proposed further add i t i ons to petroleum-based thermal 
power systems t o the extent of a few hundred MW, 
within t h i s decade . For the next century, the Master 
Plan recommends s e t t i n g up a c o a l power p lant a t a 
c o a s t a l s i t e . 
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Energy Balance statement 
T h e n a t i o n a l e n e r g y b a l a n c e s h e e t h a s b e e n p r e p a r e d 
f o r 1 9 9 0 b y t h e C e y l o n E l e c t r i c i t y B o a r d a n d i s g i v e n 
i n T a b l e 2 . 2 3 . I n o r d e r t o b a l a n c e t h e s u p p l y a n d 
d e m a n d f o r v a r i o u s f u e l , t h e c o n t r i b u t i o n s f r o m 
v a r i o u s s e c t o r s h a v e t o b e e x p r e s s e d i n a common u n i t , 
t h e T O E . A s d i s c u s s e d e a r l i e r , e r r o r s o f a f e w 
p e r c e n t c o u l d g e t i n t o t h e s e c a l c u l a t i o n s b e c a u s e o f 
t h e u s e o f c o n v e r s i o n f a c t o r s o r TOE v a l u e s w h i c h m a y 
n o t r e p r e s e n t t h e a c t u a l t y p e o f f u e l s c o n s u m e d . 
GHG Emission 
I n t h e e n e r g y s e c t o r , GHG c o u l d g e t r e l e a s e d d u r i n g 
b u r n i n g o f f i r e w o o d , c o m b u s t i o n o f f u e l s i n t h e r m a l 
p o w e r p l a n t s a n d a l s o f r o m m i c r o b i a l a c t i o n i n h y d r o 
r e s e r v o i r s . S i n c e t h e e m i s s i o n f r o m t h e t r a n s p o r t 
s e c t o r h a s a l r e a d y b e e n e s t i m a t e d , t h a t c o m p o n e n t d u e 
t o e n e r g y u s e d b y v e h i c l e s w i l l n o t b e c o n s i d e r e d i n 
t h i s s e c t i o n . 
2 . 5 . 6 . 1 CO., f r o m p e t r o l e u m c o m b u s t i o n 
T h e c a r b o n c o n t e n t o f m o s t p e t r o l e u m p r o d u c t s i s i n 
t h e r a n g e 8 5 - 87% b y w e i g h t . F o r c o a l a n d n a t u r a l 
g a s i t i s i n t h e r a n g e 6 5 - 7 5 % . H e n c e , i f t h e w e i g h t 
o f t h e f u e l u s e d i s k n o w n , t h e a m o u n t o f C r e l e a s e d 
c a n b e c a l c u l a t e d u s i n g t h e a b o v e r a t i o s . H o w e v e r , 
s t a t i s t i c s o n e n e r g y c o n s u m p t i o n a r e g e n e r a l l y 
e x p r e s s e d i n t e r m s o f t h e i r h e a t v a l u e . H e n c e i t i s 
c u s t o m a r y t o g i v e c a r b o n e m i s s i o n r a t e s f r o m a 
p a r t i c u l a r f u e l a s a f u n c t i o n o f i t s h e a t v a l u e . T h i s 
a l s o h a s t h e a d v a n t a g e t h a t t h e c a r b o n c o n t e n t 
e x p r e s s e d a s a p e r c e n t a g e o f i t s h e a t v a l u e h a s a 
l e s s e r v a r i a b i l i t y . 
T h i s q u a n t i t y , k n o w n a s t h e C a r b o n E m i s s i o n 
C o e f f i c i e n t ( C E C ) , e x p r e s s e d i n k g / G J i s g i v e n i n 
T a b l e 2 . 2 4 f o r d i f f e r e n t f u e l t y p e s a l o n g w i t h t h e i r 
2 . 5 . 5 
2 . 5 . 6 
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T a b l e 2 .23 Sr i Lanka Energy Balance 1990 Units - Thousand TOE 




Foreign Bunkers 8e flvia^ 
Stock Change 






E l e c t r . Crude 





Super Diesel Fuel 
Petrol Oi l 
Avia. 
Gaso. 
Kero_ flvtur Resi_ 
sene dual 
1.090 1.050 0.980 1.073 
0.399 
1.050 1.050 0.980 
32.923 97.848 
-2 .849 -65.901 
-53.547 -332.622 -59.243 
-10.738 -0 .134 -1 .896 -0 .135 -1 .953 -4 .795 0 .503 




-1823.575 195. 425 541.828 571.082 179.652 105.618 0.048 
Power Generation Hydro 




-0 .397 -1 .142 
-0 .551 
Energy Sector own Use 
Trans. & Oist . Losses 
-1 .371 
-45.210 
- 1 . 
















Commercial 6c Other Govt. 





183.214 580.139 157.256 
183.214 580.134 157.250 
3.270 21.083 \ 157.250 
. f 
i 





0.264 175.994 74.162 






S r i Lanka Energy Balance 1990 Units Thousand TOE 
LPG . Naptha Solvnt Coal Comm. 
& Othr ' Bagasse 
1.060 l.og'a 0.890 o.?oo 0.400 
Primary Production 150.965 
Import 17.922 0.389 1.315 . 
Direct Export -82.353 
Foreign Bunkers 6t flvia. 
Stock Change' -0 .737 2.466 -0 .490 -0 .406 
Primary Energy Require. 17.186 -79.807 -0 .101 0.909 150.965 
S t a t i s t i c a l Differences 0.000 0.000 0.000 .000 0.000 
• Energy Conversi on/transform 
Oi l Refining 19.814 79.887 3.844 
Gas Manufacture « 
Power Generation Hydro 
Power Generation Thermal . 
Charcoal Production 
Energy Sector own Use 
Trans. & D is t . Losses 
Net Supply Avai lable 36.999 0.000 3.743 0.909 150.965 
Net Consumption 36.999 3.743 0.909 150.965 
Household. 29.643 
Industry 150.965 
' Transport . 
Road 




Commercial 6c Other Govt. 6.445 
Non Energy Uses 0.912 3.743 
Char_ F.wood & Total Total 














4552.669 2114.255 6803.646 











11.860 4521.474 1436.973 6121.272 
11.860 4521.474 1436.962 6121.261 
0.315 3854.250 273.406 4127.972 








14.400 67.601 82.307 
10.680 4.655 15.334 
c o n s u m p t i o n . I n a p p l y i n g t h e s e d a t a t o l o c a l 
s c e n a r i o , t h e r e c o u l d b e e r r o r s o f a b o u t 2 - 3 % m a i n l y 
b e c a u s e o f t h e d i f f e r e n t s e t o f v a l u e s u s e d f o r 
c o n v e r t i n g t h e w e i g h t o f f u e l t o i t s h e a t v a l u e . T h e 
c o n v e r s i o n v a l u e s u s e d i n t h i s s t u d y a r e a l s o g i v e n i n 
T a b l e 2 . 2 4 . 
Table 2.24 
F u e l C o n v e r ­
s i o n 
v a l u e 
T O E / t 
C o n s u m p t i o n C a r b o n 
e m i s s i o n 
c o e f f i c i e n t 
k g ( C ) / G J 
C a r b o n 
e m i t t e d 
k t ( C ) k t 1 0 3 x G J 
G a s o l e n e 1 . 0 9 2 2 . 8 4 6 1 0 4 2 . 6 1 8 . 9 1 9 . 7 1 
D i e s e l 1 . 0 5 5 0 . 1 5 3 2 2 0 4 . 8 2 0 . 2 4 4 . 5 4 
F u e l o i l 0 . 9 8 1 5 7 . 2 5 0 6 4 5 2 . 1 2 1 . 1 1 3 6 . 1 4 
K e r o s e n e 1 . 0 5 1 7 5 . 9 9 4 7 7 3 6 . 9 1 9 . 5 1 5 0 . 8 7 
L P G 1 . 0 6 3 6 . 0 8 8 1 6 0 1 . 6 1 7 . 2 2 7 . 5 5 
T h e t o t a l c a r b o n e m i t t e d f r o m c o m b u s t i o n o f p e t r o l e u m 
p r o d u c t s d u r i n g p r o d u c t i o n o f e n e r g y ( o t h e r t h a n i n 
t r a n s p o r t s e c t o r ) w i l l t h e n b e : 
C a r b o n f r o m p e t r o l e u m c o m b u s t i o n = 3 7 8 . 8 k t 
E q u i v a l e n t C 0 2 = 1 , 3 8 8 . 9 k t ( C 0 2 ) 
T h e a b o v e c a l c u l a t i o n d o e s n o t i n c l u d e t h e 
c o n t r i b u t i o n d u e t o b u r n i n g o f p e t r o l e u m f o r 
g e n e r a t i o n o f e l e c t r i c i t y a s t h e a m o u n t i n v o l v e d i s 
n e g l i g i b l e d u r i n g 1 9 9 0 . 
2 . 5 . 6 . 2 C 0 2 f r o m b i o m a s s c o m b u s t i o n 
T h e r e c o m m e n d e d m e t h o d f o r c a l c u l a t i n g C 0 2 e m i s s i o n 
f o r m b i o m a s s b u r n i n g i s t o c o n v e r t d i r e c t f r o m t h e 
w e i g h t o f t h e b i o m a s s t o i t s c a r b o n v a l u e u s i n g c a r b o n 
t o b i o m a s s w e i g h t r a t i o . T h i s r a t i o a s a p p l i c a b l e t o 
d i f f e r e n t t y p e s o f b i o m a s s a r e g i v e n i n T a b l e 2 . 2 5 
a l o n g w i t h t h e q u a n t i t i e s c o n s u m e d i n 1 9 9 0 f o r e n e r g y 
p r o d u c t i o n . I t i s a l s o a s s u m e d t h a t o n l y 90% o f t h e 
b i o m a s s w i l l g e t o x i d i z e d . 
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Table 2 .25 
B i o m a s s t y p e A m o u n t 
c o n s u m e d 
k t 
C a r b o n 
c o n t e n t 
% 
P e r c e n t a g e 
o x i d i z e d 
% 
C a r b o n 
e m i t t e d 
k t ( C ) 
F i r e w o o d 6 , 6 9 7 2 7 . 0 9 0 2 , 3 2 5 . 3 
A g r i c u l t u r a l 
w a s t e 
3 , 4 2 0 2 2 . 6 9 0 6 9 5 . 6 
B a g a s s e 3 7 7 2 2 . 6 9 0 7 6 . 8 
C h a r c o a l 6 9 8 7 . 0 9 0 5 4 . 3 
T o t a l c a r b o n e m i t t e d d u r i n g 
c o m b u s t i o n o f b i o m a s s f o r e n e r g y = 3 , 1 5 2 k t ( C ) 
E q u i v a l e n t CQ2 e m i t t e d = 1 1 , 5 5 7 k t ( C 0 2 ) 
2 . 5 . 6 . 3 CH^ E m i s s i o n 
D u r i n g c o m b u s t i o n o f p e r t r o l e u m p r o d u c t s o r b i o m a s s , 
m e t h a n e i s r e l e a s e d , t h e a m o u n t r e l e a s e d d e p e n d s o n 
t h e t y p e o f f u r n a c e o r t h e s t o v e . A c c o r d i n g t o t h e 
d a t a g i v e n i n t h e OECD r e p o r t , t h e e m i s s i o n f a c t o r s 
v a r y f r o m 1 t o 1 0 0 g / G J f o r d i f f e r e n t t y p e s o f 
s o u r c e s . 
T h e r e i s n o b r e a k down o f o i l s u p p l i e s t o d i f f e r e n t 
t y p e s o f a p p l i c a t i o n s a n d h e n c e a n a c c u r a t e 
d e t e r m i n a t i o n o f t h e t o t a l e m i t t e d CH 4 i s n o t p o s s i b l e . 
H o w e v e r , b a s e d o n t h e a s s u m p t i o n t h a t a l l t h e f u e l o i l 
a n d d i e s e l p u r c h a s e d b y i n d u s t r i e s a r e u s e d f o r b o i l e r 
o p e r a t i o n , a b o u t 1 7 8 5 k t o f f i r e w o o d a r e u s e d t o f i r e 
i n d u s t r i a l b o i l e r s a n d k i l n s , a n d a n o t h e r 8 5 6 5 k t o f 
f i r e w o o d a r e u s e d i n h o u s e h o l d s t o v e s . T h e r a t e s o f 
e m i s s i o n o f CH 4 b a s e d o n t h i s c o n s u m p t i o n l e v e l s a n d 
t y p i c a l e m i s s i o n f a c t o r s f o r t h e s e t y p e s o f s o u r c e s , 
a r e g i v e n i n T a b l e 2 . 2 6 . 
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Table 2.26 
S o u r c e s F u e l C o n s u m p t i o n E m i s s i o n . 
f a c t o r 
g ( O L J / G J 
E m i s s i o n 
t ( C H 4 ) 1 0 3 X TOE 1 0 3 X G J 
O i l f i r e d 
b o i l e r 
1 7 8 . 3 7 , 4 6 6 2 1 4 . 9 
Wood f i r e d 
b o i l e r x k i l n 
8 0 3 . 8 3 3 , 6 5 3 1 5 5 0 4 . 8 
D o m e s t i c w o o d 
s t o v e s 
3 , 8 5 4 . 2 1 6 1 , 3 7 0 7 4 1 1 , 9 4 1 
LPG s t o v e s 2 9 . 6 1 , 2 4 1 1 . 1 1 . 7 
T o t a l C H 4 e m i s s i o n f r o m p e r t r o l e u m 
a n d b i o m a s s c o m b u s t i o n = 1 2 . 4 6 k t ( C H 4 ) 
2 . 5 . 6 . 4 CO E m i s s i o n 
T h o u g h C o i s n o t c o n s i d e r e d t o b e a GHG, i t s e m i s s i o n 
i s c a l c u l a t e d h e r e a s i t w i l l u l t i m a t e l y g e t o x i d i z e d 
i n t o C 0 2 i n t h e a t m o s p h e r e a n d w i l l a d d t o i t s 
c o n c e n t r a t i o n . F u r t h e r , a s a p o l l u t a n t , i t s o c c u r a n c e 
a t g r o u n d l e v e l i s i m p o r t a n t . T h e e m i s s i o n f a c t o r s o f 
CO f r o m v a r i o u s s o u r c e s a r e b e t t e r d o c u m e n t e d t h a n 
f r o m o t h e r s o u r c e s , a n d a r e g i v e n i n T a b l e 2 . 2 7 , a l o n g 
w i t h t h e c o n s u m p t i o n v a l u e s o f d i f f e r e n t f u e l s . 
T a b l e 2 . 2 7 
S o u r c e s F u e l 
c o n s u m p t i o n 
1 0 3 x G J 
E m i s s i o n 
f a c t o r 
g / G J 
E m i s s i o n 
t ( C O ) 
O i l f i r e d b o i l e r 7 , 4 6 6 1 5 1 1 2 
Wood f i r e d 
s t o v e s & k i l n s 
3 3 , 6 5 3 1 , 5 0 0 5 0 , 4 7 9 
D o m e s t i c s t o v e s 1 6 1 , 3 7 0 6 , 0 0 0 9 6 8 , 2 2 0 
LPG s t o v e s 1 , 2 4 1 1 0 12 
T o t a l CO e m i s s i o n d u r i n g b u r n i n g 
o f p e t r o l e u m a n d b i o m a s s = 1 , 0 1 8 . 8 k t ( C O ) 
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2 . 5 . 6 . 5 S u m m a r y 
T h e e m i s s i o n o f g r e e n h o u s e g a s e s f r o m t h e e n e r g y 
s e c t o r , e x c l u d i n g , t r a n s p o r t a r e g i v e n i n T a b l e 2 . 2 8 . 
T a b l e 2.28 
S o u r c e s ' E m i s s i o n r a t e k t / y r 
• CO, CHA CO N,0 
P e t r o l e u m 
c o m b u s t i o n 
1 , 3 8 9 0 . 1 7 0 . 1 2 
-
B i o m a s s 
c o m b u s t i o n 
1 1 , 5 5 7 1 2 . 4 6 1 , 0 1 9 -
T o t a l 1 2 , 9 4 6 1 2 . 6 3 1 , 0 1 9 
T h e a b o v e a n a l y s i s s h o w s t h a t b i o m a s s b u r n i n g 
c o n t r i b u t e s m o s t l y t o w a r d s t h e e m i s s i o n o f C 0 2 a s w e l l 
a s CO a n d C H A . F o r t h e s a m e a m o u n t o f e n e r g y , b i o m a s s 
b u r n i n g g e n e r a t e s CO s e v e r a l o r d e r o f m a g n i t u d e m o r e 
t h a n w i t h p e t r o l e u m , p a r t i c u l a r l y L P G . 
2.6 D o m e s t i c U s e 
T h e GHG g e n e r a t e d f r o m h o u s e h o l d s a r e m a i n l y d u e t o b i o m a s s 
c o m b u s t i o n w h i l e c o o k i n g a n d t h i s h a s a l r e a d y b e e n d e a l t 
u n d e r E n e r g y S e c t o r . I n f a c t t h i s i s o n e o f t h e m a j o r 
s o u r c e s o f b o t h C 0 2 a n d CO o u t o f a l l s e c t o r s . T h e o t h e r 
s o u r c e i s t h e c h l o r o - f l u o r o - c a r b o n ( C F C ) s u b s t a n c e s . 
CFC A p p l i c a t i o n s 
T h e d o m e s t i c a p p l i c a t i o n s w h e r e b y C F C s a r e r e l e a s e d 
a r e a e r o s o l c a n s a n d r e f r i g e r a t i o n . I n d e v e l o p e d 
c o u n t r i e s a e r o s o l c a n s a r e w i d e l y u s e d f o r d i s p e n s i n g 
c o s m e t i c s , a i r f r e s h n e r s , p a i n t s , i n s e c t i c i d e s e t c . 
H o w e v e r , i n t h e t h i r d w o r l d , t h e i r c o n s u m p t i o n i s 
r e s t r i c t e d o n l y t o t h e a f f l u e n t . I n S r i L a n k a t o o 
o n l y a v e r y s m a l l s e g m e n t o f t h e p o p u l a t i o n u s e s u c h 
d e v i c e s . T h e i r t o t a l c o n s u m p t i o n c a n n o t b e q u a n t i f i e d 
a s n o s t a t i s t i c s a r e m a i n t a i n e d . 
2 . 6 . 1 
« 
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E v e n t h e r e f r i g e r a t o r i s s t i l l c o n s i d e r e d a l u x u r y 
i t e m i n S r i L a n k a t h o u g h i t s d e m a n d i s i n c r e a s i n g w i t h 
t h e i n t r o d u c t i o n o f e l e c t r i c i t y t o r u r a l a r e a s . T h e 
r e f r i g e r a n t C F C g a s g e t r e l e a s e d t o t h e a t m o s p h e r e 
o n l y d u r i n g s e r v i c i n g o f t h e c o m p r e s s o r , a n d g e n e r a l l y 
t h i s o c c u r s o n c e i n s e v e r a l y e a r s o n l y . H e r e a g a i n n o 
q u a n t i f i c a t i o n o f t h e a m o u n t o f C F C g a s e s r e l e a s e d 
c o u l d b e c a l c u l a t e d f o r l a c k o f d a t a . 
2 . 6 . 2 C o n t r o l o f C F C s 
T h e c h l r o - f l u o r o - c a r b o n s a r e now b e i n g c o n t r o l l e d 
w o r l d w i d e b e c a u s e o f t h e i r p o t e n t i a l i t y t o d e p l e t e 
t h e e a r t h ' s p r o t e c t i v e o z o n e l a y e r . S r i L a n k a i s a 
p a r t y t o t h e M o n t r e a l P r o t o c o l w h i c h m a k e s i t 
o b l i g a t o r y f o r d e v e l o p e d c o u n t r i e s t o p h a s e o u t C F C 
c o n s u m p t i o n c o m p l e t e l y b y y e a r 2 0 0 0 a n d t h e d e v e l o p i n g 
c o u n t r i e s w i t h C F C c o n s u m p t i o n b e l o w 0 . 3 k g / c a p i t a t o 
p h a s e , t h e m o u t b y y e a r 2 0 1 0 . D a t a o n o v e r a l l 
c o n s u m p t i o n g a t h e r e d f o r t h i s p u r p o s e i n d i c a t e t h a t 
S r i L a n k a ' s t o t a l c o n s u m p t i o n o f CFC i s i n t h e r a n g e 
1 5 0 - 2 0 0 k g p e r y e a r . 
2 . 7 I m p a c t o n E n v i r o n m e n t 
T h e o v e r a l l r e l e a s e o f GHG i n t o t h e a t m o s p h e r e f r o m v a r i o u s 
s e c t o r s i s s h o w n i n T a b l e 2 . 2 9 . 
2 . 7 . 1 L o c a l E n v i r o n m e n t 
F o r C 0 2 t h e d o m i n a n t s o u r c e i s t h e b i o m a s s c o m b u s t i o n 
f o r e n e r g y ; a n d f o r e s t c l e a r i n g a n d b u r n i n g c o m e s 
n e x t . I n S r i L a n k a a l a r g e q u a n t i t y o f b i o m a s s i s 
u s e d i n r u r a l h o u s e h o l d s f o r c o o k i n g w i t h t r a d i t i o n a l 
c o o k i n g h e a r t h s , w h e r e e f f i c i e n c y i s a r o u n d 10%. I f 
m o r e e f f i c i e n t m e t h o d s o f c o o k i n g a r e u s e d , t h e 
q u a n t i t y o f C 0 2 e m i t t e d c o u l d b e r e d u c e d . T h e u s e o f 
b i o m a s s a l s o y i e l d l a r g e q u a n t i t i e s o f C O . S i n c e i n 
m o s t h o u s e h o l d s , c o o k i n g i s d o n e i n i l l - v e n t i l a t e d 
k i t c h e n s , r e l e a s e o f s i g n i f i c a n t q u a n t i t i e s o f CO 
d u r i n g c o o k i n g c o u l d c a u s e a h e a l t h h a z a r d . T h e u s e 
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o f e f f i c i e n t s t o v e s c o u l d b r i n g a b o u t a r e d u c t i o n i n 
t h e CO r e l e a s e a s w e l l a s a r e d u c t i o n i n t h e f i r e w o o d 
c o n s u m p t i o n . T h e l a t t e r w o u l d a l s o h e l p i n r e d u c i n g 
t h e d e g r a d a t i o n o f f o r e s t s a n d p l a n t a t i o n s now b e i n g 
e x p l o i t e d f o r f i r e w o o d . 
T a b l e 2 . 2 9 
S o u r c e A n n u a l C o n s u m p t i o n i n k t 
C 0 ? CH A CO N , 0 CFC 
F o r e s t 
c l e a r i n g 
4 , 9 6 0 1 6 3 0 6 0 . 3 5 
F o r e s t s o i l s 9 . 2 
L a g o o n s & 
' m a r s h e s 
5 6 
A n i m a l s & 
w a s t e s 
1 9 5 
L a n d f i l l s 1 2 2 
P a d d y f i e l d s 4 0 6 
F e r t i l i z e r u s e 0 . 1 5 
C e m e n t & l i m e 
i n d u s t r y 
5 5 4 
T r a n s p o r t 2 , 1 3 0 0 . 3 7 2 
P e t r o l e u m 
c o m b u s t i o n 
1 , 3 8 9 0 . 1 7 0 . 1 
B i o m a s s 
c o m b u s t i o n 
1 1 , 5 5 7 
t 
1 2 . 5 1 , 0 1 9 
C F C 0 . 1 5 
T o t a l 2 0 , 5 9 0 8 0 8 1 , 3 9 7 9 . 7 0 . 1 5 
T h e r e l e a s e o f C 0 2 a n d CO a s w e l l a s d a m a g e t o t h e 
f o r e s t s c o u l d b e f u r t h e r r e d u c e d , i f , i n s t e a d o f 
b i o m a s s , LPG i s u t i l i z e d f o r c o o k i n g . T h e h i g h 
e f f i c i e n c y o f LPG s t o v e s w o u l d r e d u c e t h e o v e r a l l 
e n e r g y u t i l i z a t i o n o f t h e c o u n t r y w h i c h i s now 
a s s e s s e d o n t h e b a s i s o f e n e r g y c o n t e n t o f t h e f u e l 
u s e d r a t h e r t h a n e n e r g y u t i l i z e d . A t p r e s e n t i n S r i 
L a n k a , LPG i s u s e d f o r c o o k i n g p u r p o s e s o n l y i n u r b a n 
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a r e a s a n d e v e n t h e r e , o n l y b y a s m a l l s e g m e n t o f t h e 
p o p u l a t i o n . T h e m a i n r e a s o n f o r t h i s i s t h e h i g h 
i n i t i a l c o s t r e q u i r e d f o r t h e s t o v e a n d t h e d e p o s i t 
f o r g a s c y l i n d e r . S t e p s s h o u l d t h e r e f o r e b e t a k e n t o 
g i v e t h e s e a t s u b s i d i z e d r a t e s w h i c h w o u l d b r i n g 
b e n e f i t s t o t h e c o u n t r y i n t h e l o n g t e r m . 
T h e l a r g e s t a m o u n t o f CH 4 i s p r o d u c e d i n p a d d y f i e l d s . 
E v e n t h i s q u a n t i t y c o u l d b e a n u n d e r e s t i m a t e w h e n 
c o m p a r e d t o t h e q u a n t i t y w o r k e d o u t o n t h e b a s i s o f 
e s t i m a t e d g l o b a l e m i s s i o n ( 1 1 0 T g / y r ) a n d c o u n t r y ' s 
l a n d a r e a u n d e r p a d d y a s a r a t i o o f x r i o b a l p a d d y l a n d , 
w h i c h i s 0 . 6% ( C e n t r a l B a n k , 1 9 9 1 b ) . T o d a y i n S r i 
L a n k a , a g r o n o m y p r a c t i c e s h a v e b e e n o p t i m i z e d f o r 
i n c r e a s i n g t h e p a d d y y i e l d . A n y a t t e m p t s t o c h a n g e 
s u c h p r a c t i c e s t o b r i n g a b o u t a l o w e r i n g o f CH 4 
e m i s s i o n s h o u l d e n s u r e t h a t t h e r e i s n o c o r r e s p o n d i n g 
r e d u c t i o n i n t h e y i e l d . 
G l o b a l E n v i r o n m e n t 
T h e m a i n i m p a c t o f GHGs i s i n t h e g l o b a l e n v i r o n m e n t . 
T h e s e g a s e s h a v e t h e common p r o p e r t y o f a b s o r b i n g t h e 
i n f r a r e d r a d i a t i o n e m i t t e d b y t h e e a r t h ' s s u r f a c e . I t 
i s e s t i m a t e d t h a t t h e GHG e m i s s i o n s i f c o n t i n u e d a t 
t h e c u r r e n t r a t e , c o u l d c a u s e t h e e a r t h ' s a v e r a g e 
t e m p e r a t u r e t o r i s e b y a n a m o u n t i n t h e r a n g e o f 
1 . 5 - 4 . 5 ° C w i t h a b e s t f i g u r e o f 2 . 5 ° C (WMO/UNEP, 
1 9 9 0 ) , c o r r e s p o n d i n g t o a d o u b l i n g o f C 0 2 
c o n c e n t r a t i o n . A t t h e c u r r e n t r a t e o f i n c r e a s e o f C 0 2 
t h i s c o u l d h a p p e n b y y e a r 2 1 0 0 , u n l e s s s o m e c o n t r o l 
m e a s u r e s a r e b r o u g h t a b o u t b e f o r e t h a t . T h e d e t a i l e d 
c a l c u l a t i o n o f t h e e x t e n t o f GHG e m i s s i o n s o n t h e 
g l o b a l e n v i r o n m e n t i s a c o m p l e x e x e r c i s e a n d t h i s 
s h o u l d b e b e s t h a n d l e d a t r e g i o n a l l e v e l . 
R e f e r e n c e s 
1 WMO/UNEP, 1 9 9 0 , S c i e n t i f i c A s s e s s m e n t o f C l i m a t i c C h a n g e . 
R e p o r t p r e p a r e d f o r I P C C b y W o r k i n g G r o u p 1 , WMO, G e n e v a . 
2 C e n t r a l B a n k o f S r i L a n k a , 1 9 9 1 a , A n n u a l R e p o r t f o r t h e 
y e a r 1 9 9 0 . C e n t r a l B a n k o f S r i L a n k a , C o l o m b o . 
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CHAPTER III 
MONITORING OF CLIMATE CHANGE AND ITS IMPACT 
3.1 Meteorological Observations 
S r i L a n k a , w h i c h h a s l a n d e x t e n t o f a b o u t 6 5 , 6 1 0 s q u a r e 
k i l o m e t r e s h a s 2 2 m e t e o r o l o g i c a l o f f i c e s s c a t t e r e d 
t h r o u g h o u t t h e c o u n t r y . T h e s e o f f i c e s a r e m a i n t a i n e d b y 
t h e D e p a r t m e n t o f M e t e o r o l o g y , w h i c h h a s i t s h e a d q u a r t e r s 
i n C o l o m b o , a n d a r e m a n n e d b y t r a i n e d m e t e o r o l o g i c a l 
o f f i c e r s . R o u n d - t h e - c l o c k 3 - h o u r l y m e t e o r o l o g i c a l 
o b s e r v a t i o n s a r e d o n e a t m a n y o f t h e s e o f f i c e s i n c l u d i n g 
t h o s e a t C o l o m b o , t h e I n t e r n a t i o n a l A i r p o r t a t K a t u n a y a k e 
a n d t h e d o m e s t i c a i r p o r t a t R a t m a l a n a . T h e s e o b s e r v a t i o n s 
a r e d o n e a c c o r d i n g t o t h e t e c h n i c a l r e g u l a t i o n s s t i p u l a t e d 
b y t h e W o r l d M e t e o r o l o g i c a l O r g a n i z a t i o n (WMO) a n d a t 
i n t e r n a t i o n a l l y d e s i g n a t e d t i m e s , n a m e l y 0 0 U T C , 0 3 0 0 U T C , 
0 6 0 0 UTC e t c . U p p e r a i r o b s e r v a t i o n s a r e d o n e a t 
H a m b a n t o t a o n t h e e x t r e m e S o u t h c o a s t o f t h e I s l a n d , 
T r i n c o m a l e e o n t h e E a s t c o a s t a n d a l s o a t C o l o m b o . 
A l t h o u g h t h e s e r o u t i n e m e t e o r o l o g i c a l o b s e r v a t i o n s a r e d o n e 
f o r t h e i m m e d i a t e p u r p o s e o f d a y - t o - d a y a p p l i c a t i o n i n 
s y n o p t i c w e a t h e r a n a l y s i s a n d f o r e c a s t i n g , t h e y a r e a l s o 
s y s t e m a t i c a l l y r e c o r d e d , s t o r e d a n d c o m p u t e r i z e d t o b e 
u s e d l a t e r f o r v a r i o u s t y p e s o f c l i m a t o l o g i c a l d a t a 
a n a l y s i s i n c l u d i n g c l i m a t e c h a n g e s t u d i e s . I n a d d i t i o n , 
t h e D e p a r t m e n t o f M e t e o r o l o g y a l s o r e c e i v e s 
a g r o m e t e o r o l o g i c a l d a t a f r o m 2 5 A g r o m e t e o r o l o g i c a l o f f i c e s 
s c a t t e r e d t h r o u g h o u t t h e c o u n t r y . T h e s e a r e m a n n e d b y 
o f f i c e r s b e l o n g i n g t o o t h e r o r g a n i z a t i o n s , m a i n l y R e s e a r c h 
I n s t i t u t e s . T h e s e o f f i c e r s a r e t r a i n e d b y t h e D e p a r t m e n t 
o f M e t e o r o l o g y . 
T h e r e i s a l s o a f a i r l y d e n s e n e t w o r k o f r a i n g a u g e s t a t i o n s , 
now n u m b e r i n g n e a r l y 3 0 0 , l o c a t e d m a i n l y i n t h e t e a , r u b b e r 
a n d c o c o n u t e s t a t e s a n d m a n n e d b y o f f i c e r s b e l o n g i n g t o t h e 
p l a n t a t i o n s s e c t o r . R a i n f a l l d a t a f r o m t h e s e s t a t i o n s a r e 
r e c e i v e d b y t h e D e p a r t m e n t o f M e t e o r o l o g y o n c e a m o n t h . 
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R e g u l a r i n s p e c t i o n s o f t h e s e a g r o m e t e o r o l o g i c a l a n d 
r a i n g u a g e s t a t i o n s a r e c a r r i e d o u t b y o f f i c e r s o f t h e 
D e p a r t m e n t o f M e t e o r o l o g y . T h e s e d a t a a r e a l s o 
s y s t e m a t i c a l l y r e c o r d e d , s t o r e d a n d c o m p u t e r i z e d f o r 
s u b s e q u e n t u s e i n . a n a l y s i s . 
T h e r e i s h o w e v e r , n o o n - g o i n g p r o g r a m m e i n S r i L a n k a , a t 
p r e s e n t , f o r t h e m o n i t o r i n g o f g r e e n h o u s e g a s 
c o n c e n t r a t i o n s i n t h e a t m o s p h e r e . 
3 . 2 C l i m a t e o f S r i L a n k a 
T h e r e i s a m a r k e d v a r i a t i o n i n c l i m a t e d u e t o t h e c e n t r a l 
h i g h l a n d r e g i o n b e i n g s u r r o u n d e d b y a n e x t e n s i v e l o w l a n d 
a r e a . T h e r e g i o n a l d i f f e r e n c e s i n t e m p e r a t u r e a r e d u e t o 
a l t i t u d e . T h e r e i s n o t e m p e r a t u r e v a r i a t i o n d u e t o 
l a t i t u d e . T h e m e a n m o n t h l y t e m p e r a t u r e s d i f f e r s l i g h t l y 
d e p e n d i n g o n t h e s e a s o n a l m o v e m e n t o f t h e s u n , w i t h s o m e 
m o d i f y i n g i n f l u e n c e c a u s e d b y r a i n f a l l . 
3 . 2 . 1 T e m p e r a t u r e 
I n t h e l o w l a n d s , t h e m e a n a n n u a l t e m p e r a t u r e i s 2 7 ° C 
a n d t h e m e a n d a i l y r a n g e i s 6 ° C . I n t h e c e n t r a l 
h i g h l a n d w i t h a l t i t u d e s u p t o 2 4 0 0 m a c o o l e r c l i m a t e 
i s e x p e r i e n c e d . A t N u w a r a E l i y a , a t a n a l t i t u d e o f 
1 8 0 0 m, t h e m e a n a n n u a l t e m p e r a t u r e i s 1 5 ° C a n d t h e 
m e a n d a i l y r a n g e i s 1 0 ° C . H o w e v e r , d u r i n g t h e p e r i o d 
J a n u a r y t o M a r c h t h e d i u r n a l v a r i a t i o n a r o u n d N u w a r a 
E l i y a i s l a r g e a n d g r o u n d f r o s t i s o b s e r v e d f o r a b o u t 
f o u r d a y s e a r l y i n t h e m o r n i n g s o r n i g h t s when t h e 
t e m p e r a t u r e n e a r t h e g r o u n d f a l l s b e l o w f r e e z i n g 
p o i n t . D u r i n g t h e p e r i o d May t o S e p t e m b e r , i f t h e 
w e s t e r l y w i n d s a r e s t r o n g , t h e l e e w a r d a r e a e a s t o f 
t h e c e n t r a l h i g h l a n d , a n d t h e r e l a t i v e l y f l a t t e r r a i n 
e x t e n d i n g t o t h e e a s t c o a s t e x p e r i e n c e a w a r m d r y 
w i n d . S u c h l o c a l w i n d s a r e known a s K a c h c h a n a n d Y a l -
h u l a n g . T h e m e a n d a i l y r a n g e o f t e m p e r a t u r e c o u l d t h e n 
r e a c h 9 ° C w i t h a m e a n d a i l y max imum t e m p e r a t u r e o f 3 4 ° C . 
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3 . 2 . 2 A e r o l o g y 
W e s t e r l y w i n d s p r e v a i l o v e r t h e i s l a n d f r o m May t o 
S e p t e m b e r . T h e w i n d s a t m e a n s e a l e v e l a r e f r o m t h e 
S o u t h w e s t a n d t h i s i s t h e S o u t h w e s t m o n s o o n s e a s o n . 
When i t i s w i n t e r i n t h e n o r t h e r n h e m i s p h e r e f r o m 
D e c e m b e r t o F e b r u a r y , e a s t e r l y w i n d s b l o w a c r o s s t h e 
I s l a n d w i t h w i n d s a t m e a n s e a l e v e l t e n d i n g t o b e 
n o r t h e a s t e r l y . T h i s p e r i o d i s c a l l e d t h e N o r t h e a s t 
m o n s o o n s e a s o n . T h e t w o m o n t h p e r i o d s M a r c h - A p r i l a n d 
O c t o b e r - N o v e m b e r b e t w e e n t h e t w o m o n s o o n s e a s o n s a r e 
r e f e r r e d t o a s i n t e r - m o n s o o n p e r i o d s . D u r i n g t h e s e 
p e r i o d s , t h e s o u t h w e s t e r l y w i n d s f r o m t h e s o u t h e r n 
h e m i s p h e r e a n d t h e n o r t h e a s t e r l y w i n d s f r o m t h e 
n o r t h e r n h e m i s p h e r e c o n v e r g e o v e r t h e l a t i t u d e s o f t h e 
I s l a n d . T h i s z o n e o f c o n v e r g e n c e i s c a l l e d t h e I n t e r 
T r o p i c a l C o n v e r g e n c e Z o n e ( I T C Z ) . D u r i n g t h e s u m m e r 
i n t h e s o u t h e r n h e m i s p h e r e t h e I T C Z l i e s b e t w e e n 
l a t i t u d e s 5 ° S a n d 1 0 ° S , b u t d u r i n g t h e s u m m e r i n t h e 
n o r t h e r n h e m i s p h e r e i t m o v e s n o r t h w a r d s a s f a r a s t h e 
G a n g e s V a l l e y ( 2 5 ° N t o 2 9 ° N ) o v e r N o r t h I n d i a . T h e 
I T C Z i s o f t e n a n a r e a o f l a r g e s c a l e c o n v e c t i v e 
a c t i v i t y a n d h e a v y r a i n . T h e m o v e m e n t o f t h e I T C Z i s 
n o t r e g u l a r f r o m d a y t o d a y b u t l a t i t u d i n a l 
o s c i l l a t i o n s a r e o b s e r v e d . T h e I T C Z c o u l d b e 
i d e n t i f i e d n o t o n l y a t m e a n s e a l e v e l , b u t a l s o i n t h e 
l o w t r o p o s p h e r e . 
C y c l o n i c s t o r m s a n d d e p r e s s i o n s f o r m o v e r t h e s o u t h e r n 
h a l f o f t h e B a y o f B e n g a l m a i n l y i n O c t o b e r , N o v e m b e r 
a n d D e c e m b e r . T h e c h a n c e o f a c y c l o n i c s t o r m c o m i n g 
d i r e c t l y o v e r S r i L a n k a i s g r e a t e s t i n D e c e m b e r a n d 
l a t e N o v e m b e r . 
3 . 2 . 3 R a i n f a l l 
T h e a n n u a l r a i n f a l l i n S r i L a n k a v a r i e s f r o m 9 0 0 mm t o 
6 0 0 0 mm. T h e h i g h e r v a l u e s a r e e x p e r i e n c e d o n t h e 
w e s t e r n s l o p e s o f t h e C e n t r a l h i l l c o u n t r y . I n t h e 
s o u t h w e s t o f t h e i s l a n d t h e a n n u a l r a i n f a l l v a r i e s 
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f r o m 2 5 0 0 mm t o o v e r 5 0 0 0 mm; i n t h e n o r t h w e s t a n d 
s o u t h e a s t , t h e a n n u a l a v e r a g e s a r e l e s s t h a n 1 2 5 0 mm. 
T h e i s l a n d i s i n f l u e n c e d b y t w o w i n d r e g i m e s . T h e 
s o u t h w e s t m o n s o o n ( s u m m e r m o n s o o n ) i s f r o m May t o 
S e p t e m b e r a n d t h e n o r t h e a s t m o n s o o n ( w i n t e r m o n s o o n ) 
f r o m D e c e m b e r t o F e b r u a r y . T h e r a i n f a l l d u r i n g t h e 
t w o i n t e r - m o n s o o n a l p e r i o d s , M a r c h - A p r i l a n d O c t o b e r -
N o v e m b e r i s m a i n l y c o n v e c t i o n a l . D u r i n g O c t o b e r -
N o v e m b e r t h e i s l a n d i s a l s o i n f l u e n c e d b y d e p r e s s i o n s 
t h a t f o r m i n t h e s o u t h w e s t B a y o f B e n g a l a n d t h e 
s o u t h e a s t A r a b i a n S e a . R a i n f a l l d u r i n g O c t o b e r -
N o v e m b e r i s f a i r l y w i d e s p r e a d . 
( a ) S o u t h w e s t m o n s o o n (May t o S e p t e m b e r ) 
T h e s o u t h w e s t q u a r t e r o f t h e i s l a n d r e c e i v e s 5 0 0 -
4 0 0 0 mm o f r a i n d u r i n g t h i s s e a s o n , h i g h e r f a l l s 
a r e o v e r t h e w e s t e r n s l o p e s o f t h e c e n t r a l h i l l s . 
( b ) N o r t h e a s t m o n s o o n ( D e c e m b e r t o F e b r u a r y ) 
T h e e a s t e r n h a l f o f t h e i s l a n d i n c l u d i n g t h e 
R a k w a n a h i l l s r e c e i v e s 5 0 0 - 2 5 0 0 mm o f r a i n d u r i n g 
t h i s s e a s o n . T h e h i g h e r r a i n f a l l s a r e 
e x p e r i e n c e d o v e r t h e R a n g a l a r a n g e o f h i l l s . 
( c ) F i r s t i n t e r m o n s o o n a l p e r i o d ( M a r c h t o A p r i l ) 
T h e r a i n f a l l i s m a i n l y c o n v e c t i o n a l a n d r a n g e s 
f r o m 5 - 3 0 % o f t h e a n n u a l r a i n f a l l . T h e h i g h e r 
c o n t r i b u t i o n s t o t h e t o t a l a n n u a l r a i n f a l l a r e 
f r o m i n l a n d a r e a s . 
( d ) S e c o n d i n t e r m o n s o o n a l p e r i o d ( O c t o b e r t o 
N o v e m b e r ) 
T h e r a i n f a l l i s f a i r l y w i d e s p r e a d a n d i s m a i n l y 
d u e t o d i s t u r b a n c e s ( l o w p r e s s u r e s y s t e m s , 
d e p r e s s i o n s a n d c y c l o n e s ) i n t h e s o u t h w e s t B a y o f 
B e n g a l a n d t h e s o u t h e a s t A r a b i a n s e a . T h o s e 
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d i s t u r b a n c e s g e n e r a l l y f o r m o n t h e I T C Z w h i c h 
l i e s a c r o s s t h e l a t i t u d e s o f S r i L a n k a d u r i n g 
O c t o b e r a n d N o v e m b e r . T h e r a i n f a l l v a r i e s f r o m 
17% t o 51% o f t h e a n n u a l t o t a l . T h e h i g h e r 
c o n t r i b u t i o n s t o t h e a n n u a l t o t a l a r e f r o m t h e 
n o r t h a n d t h e l o w e r c o n t r i b u t i o n s a r e f r o m a 
s m a l l a r e a i n t h e c e n t r a l h i l l c o u n t r y . 
I t m a y b e n o t e d a s a m a t t e r o f i n t e r e s t t h a t t h e 
M a h a c u l t i v a t i o n s e a s o n f o r p a d d y , w h i c h i s 
r e c k o n e d f r o m S e p t e m b e r t o M a r c h ( t h e f o l l o w i n g 
y e a r ) , b e g i n s a t t h e t a i l e n d o f t h e s o u t h w e s t 
m o n s o o n , c o v e r s t h e i n t e r m o n s o o n a l m o n t h s o f 
O c t o b e r a n d N o v e m b e r , t h e f u l l n o r t h e a s t m o n s o o n 
p e r i o d a n d a m o n t h o f t h e o t h e r i n t e r m o n s o o n a l 
p e r i o d . T h e Y a l a c u l t i v a t i o n s e a s o n i s f r o m 
A p r i l t o A u g u s t a n d t h u s t h e s e a s o n b e g i n s d u r i n g 
a n i n t e r m o n s o o n a l m o n t h a n d c o v e r s t h e m a j o r 
p e r i o d o f t h e s o u t h w e s t m o n s o o n . 
Variat ion in s u r f a c e a i r temperature and r a i n f a l l 
I n a r e c e n t s t u d y , F e r n a n d o a n d C h a n d r a p a l a ( 1 9 9 1 ) o f t h e 
D e p a r t m e n t o f M e t e o r o l o g y h a v e s h o w n t h a t t h e s u r f a c e a i r 
t e m p e r a t u r e o v e r S r i L a n k a h a s b e e n r i s i n g a n d t h a t t h e 
a n n u a l r a i n f a l l a n d t h e n u m b e r o f r a i n y d a y s p e r y e a r h a s 
b e e n d e c r e a s i n g a t m o s t p l a c e s . F o r t h i s s t u d y , t h e y h a v e 
s e l e c t e d t h e r a i n f a l l a n d t e m p e r a t u r e d a t a r e c o r d e d o v e r a 
p e r i o d o f m o r e t h a n 1 0 0 y e a r s a t 1 4 m e t e o r o l o g i c a l s t a t i o n s 
s c a t t e r e d t h r o u g h o u t t h e i s l a n d . T h e l o c a t i o n s o f t h e s e 
s t a t i o n s a r e s h o w n i n f i g u r e 3 . 1 a n d t h e i r l a t i t u d e s , 
l o n g i t u d e s , e l e v a t i o n s a b o v e m e a n s e a l e v e l a n d t h e p e r i o d 
o f d a t a a r e g i v e n i n t a b l e 3 . 1 . F i v e o f t h e s e 14 s t a t i o n s 
l o c a t e d i n . t h e Wet Z o n e a r e C o l o m b o , R a t n a p u r a , G a l l e , 
N u w a r a E l i y a a n d K a n d y w h i l e s e v e n s t a t i o n s i n t h e d r y z o n e 
a r e J a f f n a , T r i n c o m a l e e , A n u r a d h a p u r a , M a n n a r , B a t t i c a l o a , 
P u t t a l a m a n d H a m b a n t o t a . T h e o t h e r t w o K u r u n e g a l a a n d 
B a d u l l a a r e i n t h e i n t e r m e d i a t e z o n e . 
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T a b l e 3 . 1 
S t a t i o n Z o n L a t i ­
t u d e 
L o n g i ­
t u d e 
E l e v . 
m e t r e s 
P e r i o d 
A n u r a d h a p u r D r y 0 8 2 I N 8 0 2 3 E 9 2 . 5 1 8 7 1 - 1 9 9 0 
B a d u l l a I n t 0 6 59N 8 1 0 3 E 6 6 9 . 6 1 8 7 9 - 1 9 9 0 
B a t t i c a l o a D r y 0 7 43N 8 1 4 2 E 2 . 7 1 8 7 0 - 1 9 8 9 
C o l o m b o Wet 0 6 54N 7 9 5 2 E 7 . 3 1 8 7 0 - 1 9 9 0 
G a l l e Wet 0 6 02N 8 0 1 3 E 1 2 . 5 1 8 6 9 - 1 9 9 0 
H a m b a n t o t a D r y 0 6 07N 8 1 0 8 E 1 5 . 5 1 8 6 9 - 1 9 9 0 
J a f f n a D r y 0 9 39N 8 0 0 1 E 4 . 0 1 8 8 7 - 1 9 8 3 
K a n d y Wet 0 7 20N 8 0 3 8 E 4 7 7 . 0 1 8 7 0 - 1 9 9 0 
K u r u n e g a l a I n t 0 7 28N 8 0 2 2 E 1 1 6 . 1 1 8 8 5 - 1 9 9 0 
M a n n a r D r y 0 8 59N 7 9 5 5 E 4 . 0 1 8 7 1 - 1 9 8 8 
N u w a r a E l i y a Wet 0 6 58N 8 0 4 6 E 1 8 9 4 . 6 1 8 6 9 - 1 9 9 0 
P u t t a l a m D r y 0 8 02N 7 9 5 0 E 2 . 1 1 8 6 9 - 1 9 9 0 
R a t n a p u r a Wet 0 6 41N 8 0 2 4 E 3 4 . 4 1 8 6 9 - 1 9 9 0 
T r i n c o m a l e e D r y 0 8 35N 8 1 1 5 E 7 9 . 0 1 8 7 0 - 1 9 8 9 
F o r t h i s s t u d y , F e r n a n d o a n d C h a n d r a p a l a c a r r i e d o u t a 
t r e n d a n a l y s i s o n t h e a n n u a l m e a n s u r f a c e a i r t e m p e r a t u r e s , 
t h e a n n u a l r a i n f a l l a n d t h e n u m b e r o f r a i n y d a y s p e r y e a r , 
b y f i l t e r i n g t h e t i m e s e r i e s u s i n g t h e G a u s s i a n l o w - p a s s 
f i l t e r . L i n e a r r e g r e s s i o n a n a l y s i s w a s d o n e , i n t h e c a s e 
o f m e a n s u r f a c e a i r t e m p e r a t u r e a n d a n n u a l r a i n f a l l , f o r 
t h e m o r e r e c e n t p e r i o d , 1 9 6 1 - 9 0 , i n m o s t c a s e s . T h e t r e n d 
a n a l y s i s i n d i c a t e d t h a t t h e s u r f a c e a i r t e m p e r a t u r e h a s 
b e e n i n c r e a s i n g a t a l l t h e s t a t i o n s u n d e r i n v e s t i g a t i o n . 
D e c r e a s i n g t r e n d i n t h e a n n u a l r a i n f a l l w a s e v i d e n t a t 
C o l o m b o , R a t n a p u r a , G a l l e , K a n d y , B a t t i c a l o a , H a m b a n t o t a , 
T r i n c o m a l e e , B a d u l l a a n d N u w a r a E l i y a . 
L i n e a r r e g r e s s i o n a n a l y s i s s h o w e d t h a t t h e s u r f a c e a i r 
t e m p e r a t u r e h a s b e e n r i s i n g a t t h e r a t e o f 0 . 0 3 6 ° C p e r y e a r 
a t A n u r a d h a p u r a i n t h e N o r t h C e n t r a l P r o v i n c e ( t h e h i g h e s t ) 
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a n d b y d i f f e r i n g r a t e s a t t h e o t h e r s t a t i o n s , t h e l o w e s t 
b e i n g 0 . 0 1 0 ° C p e r y e a r a t H a m b a n t o t a i n t h e S o u t h e r n 
P r o v i n c e . I n t h e c a s e o f r a i n f a l l , l i n e a r r e g r e s s i o n 
a n a l y s i s s h o w e d t h a t r a i n f a l l h a s b e e n ( a ) d e c r e a s i n g a t 
t h e r a t e o f 3 5 . 3 m m / y e a r a t C o l o m b o ( t h e h i g h e s t ) a n d a t 
t h e r a t e o f 1 0 . 3 m m / y e a r a t K a n d y i n t h e h i l l c o u n t r y ( t h e 
l o w e s t ) ( b ) i n c r e a s i n g a t t h e r a t e o f 1 6 . 8 m m / y e a r a t 
P u t t a l a m ( t h e h i g h e s t ) i n t h e N o r t h w e s t e r n P r o v i n c e a n d a t 
t h e r a t e o f 9 . 2 m m / y e a r a t M a n n a r ( t h e l o w e s t ) i n t h e 
N o r t h e r n P r o v i n c e . T h e g r a p h s o b t a i n e d a r e s h o w n i n 
f i g u r e s 3 . 2 a n d 3 . 3 ( s u r f a c e a i r t e m p e r a t u r e ) , f i g u r e s 3 . 4 
a n d 3 . 5 ( a n n u a l r a i n f a l l ) a n d f i g u r e s 3 . 6 a n d 3 . 7 ( r a i n y 
d a y s p e r y e a r ) . T h e t r e n d s s h o w n b y t h e t i m e s e r i e s o f t h e 
n u m b e r o f r a i n y d a y s / y e a r a g r e e c l o s e l y w i t h t h e t r e n d s 
s h o w n b y t h e t i m e s e r i e s o f a n n u a l r a i n f a l l . 
T h e r a t e o f i n c r e a s e o f a i r t e m p e r a t u r e a n d t h e r a t e o f 
c h a n g e o f a n n u a l r a i n f a l l a r e i n d i c a t e d o n a m a p o f S r i 
L a n k a a n d a r e s h o w n i n f i g u r e s 3 . 8 a n d 3 . 9 r e s p e c t i v e l y 
w i t h t h e r e s p e c t i v e c o e f f i c i e n t s o f d e t e r m i n a t i o n ( R 2 ) i n 
p a r e n t h e s i s . F e r n a n d o a n d C h a n d r a p a l a b e l i e v e t h a t t h e s e 
c h a n g e s i n t h e s u r f a c e a i r t e m p e r a t u r e a n d t h e a n n u a l 
r a i n f a l l p a t t e r n c o u l d b e d u e t o a p o s s i b l e c l i m a t e c h a n g e . 
T h e I n t e r - g o v e r n m e n t a l P a n e l o n C l i m a t e C h a n g e ( I P C C ) i n 
i t s f i r s t A s s e s s m e n t R e p o r t ( A u g u s t , 1 9 9 0 ) s a y " T h e r e i s n o 
f i r m e v i d e n c e t h a t c l i m a t e h a s b e c o m e m o r e v a r i a b l e o v e r 
t h e l a s t f e w d e c a d e s . H o w e v e r , w i t h a n i n c r e a s e i n t h e 
m e a n t e m p e r a t u r e , e p i s o d e s o f h i g h t e m p e r a t u r e s w i l l m o s t 
l i k e l y b e c o m e m o r e f r e q u e n t i n t h e f u t u r e , a n d c o l d 
e p i s o d e s l e s s f r e q u e n t . " 
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TIME SERIES OF FILTERED TH_IPEnATUHE_ ANOMALIES _(deg._C) 
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TP-IE S E B i n s OF FILTH? 
T I M S S E R I E S OF F I L T 0 3 E D K A H J V DAYS/yaiR 
K g . 3.9 - Variation in annual rainfall (rtm/year) 
- 6.1- -
I n a n e a r l i e r s t u d y , F e r n a n d o ( 1 9 8 9 ) s h o w e d , b y a n a l y z i n g 
m o r e t h a n 1 0 0 y e a r s o f r a i n f a l l d a t a r e c o r d e d a t t h r e e 
m a j o r p a d d y p r o d u c i n g d i s t r i c t s , ( n a m e l y A m p a r a , K u r u n e g a l a 
a n d M a t a r a d i s t r i c t s ) t h a t d u r i n g t h e t w o m a i n p a d d y 
c u l t i v a t i o n s e a s o n s , Y a l a ( A p r i l t o A u g u s t ) a n d M a h a 
( S e p t e m b e r t o M a r c h t h e f o l l o w i n g y e a r ) t h e r a i n f a l l h a s 
s h o w n a d e c r e a s i n g t r e n d d u r i n g r e c e n t y e a r s i n a l l t h e 3 
d i s t r i c t s d u r i n g b o t h s e a s o n s e x c e p t f o r t h e M a h a s e a s o n 
a t K u r u n e g a l a , w h i c h h a s s h o w n a n i n c r e a s i n g t r e n d . 
3.4 C l o u d a m o u n t a n d s u n s h i n e 
A r e c e n t s t u d y , b y D e w u n d e g e ( 1 9 9 1 ) o f t h e D e p a r t m e n t o f 
M e t e o r o l o g y , who a n a l y s e d t h e c l o u d a m o u n t s ( i n o c t a s ) a n d 
h o u r s o f s u n s h i n e ( f i g u r e 3 . 1 0 ) a t C o l o m b o o v e r t h e 3 0 - y e a r 
p e r i o d 1 9 6 1 - 9 0 , s h o w e d t h e f o l l o w i n g : -
( i ) A s l i g h t u p w a r d t r e n d i n t h e h o u r s o f s u n s h i n e 
d u r i n g t h e s o u t h w e s t m o n s o o n a n d t h e f i r s t 
i n t e r m o n s o o n . 
( i i ) A d o w n w a r d t r e n d o f c l o u d a m o u n t d u r i n g t h e 
s o u t h w e s t m o n s o o n a n d p r a c t i c a l l y n o c h a n g e 
d u r i n g t h e f i r s t i n t e r m o n s o o n ( f i g u r e s 3 . 1 1 a n d 
3 . 1 2 ) . 
( i i i ) A n n u a l l y , a n u p w a r d t r e n d i n t h e h o u r s o f 
s u n s h i n e a n d a d o w n w a r d t r e n d i n t h e c l o u d a m o u n t 
( f i g u r e 3 . 1 3 ) . 
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I t w a s m e n t i o n e d e a r l i e r t h a t t h e s u r f a c e a i r t e m p e r a t u r e 
h a s s h o w n a n i n c r e a s i n g t r e n d i n C o l o m b o a n d e l s e w h e r e i n 
S r i L a n k a . S o m e s c i e n t i s t s a r g u e t h a t t h e s t a b i l i t y o f t h e 
a t m o s p h e r e w o u l d b e d i s t u r b e d d u e t o t h i s w a r m i n g a n d 
c o n v e c t i v e a c t i v i t y i n c r e a s e d e s p e c i a l l y d u r i n g t h e f i r s t 
i h t e r m o n s o o n p e r i o d w h e n t h e l o c a l e f f e c t s a r e d o m i n a n t . 
T h i s m e a n s t h a t c l o u d i n e s s s h o u l d i n c r e a s e d u r i n g t h i s 
p e r i o d a n d t h a t i t s h o u l d b e r e f l e c t e d b y a n i n c r e a s e i n 
t h e c l o u d a m o u n t d u r i n g t h i s p e r i o d . T h e f a c t t h a t t h i s 
h a s n o t y e t h a p p e n e d i n S r i L a n k a l e a d s o n e t o b e l i e v e t h a t 
t h i s e x p e c t e d c h a n g e a n d t h e a n t i c i p a t e d c o u n t e r a c t i o n t o 
w a r m i n g h a s n o t t a k e n p l a c e s o f a r , l o c a l l y ( D e w u n d e g e , 
1 9 9 1 ) . 
3 . 5 M e t e o r o l o g i c a l d r o u g h t o c c u r r e n c e s 
A s u r v e y o f t h e l i t e r a t u r e r e v e a l e d t h a t i t i s v e r y 
d i f f i c u l t t o f i n d a u n i v e r s a l l y a c c e p t e d c r i t e r i o n f o r a 
p r e c i s e d e f i n i t i o n o f a d r o u g h t . A c c o r d i n g t o K r u z h k o v a 
a b o u t a h u n d r e d d i f f e r e n t c r i t e r i a a r e u s e d i n t h e U S S R . 
D e c i l e s o f a n n u a l r a i n f a l l a r e u s e d a s d r o u g h t i n d i c a t o r s 
i n A u s t r a l i a . T h e I n d i a M e t e o r o l o g i c a l D e p a r t m e n t u s e s a 
25% c r i t e r i o n . i . e . , 75% - 125% o f t h e a v e r a g e i s 
c o n s i d e r e d t o b e n o r m a l . 
D r o u g h t m e a n s d i f f e r e n t t h i n g s t o d i f f e r e n t p e o p l e a n d 
v a r i e s a c c o r d i n g t o t h e i r s p e c i f i c i n t e r e s t . T h e f a r m e r i s 
c o n c e r n e d i f t h e r e i s a s h o r t a g e o f m o i s t u r e i n t h e r o o t 
z o n e o f h i s c r o p s . T h e E l e c t r i c a l E n g i n e e r i s c o n c e r n e d 
i f t h e h y d r o c a t c h m e n t a r e a s d i d n o t r e c e i v e t h e n o r m a l 
r a i n f a l l , f o r t h e g e n e r a t i o n o f e l e c t r i c i t y . T h e 
h y d r o l o g i s t i s c o n c e r n e d i f t h e w a t e r l e v e l s i n r e s e r v o i r s , 
s t r e a m s a n d l a k e s a r e b e l o w a v e r a g e . T h e e c o n o m i s t g e t s 
w o r r i e d a b o u t t h e a d v e r s e e f f e c t s a w a t e r s h o r t a g e m a y h a v e 
o n t h e e s t a b l i s h e d e c o n o m y a n d t h e common man i s c o n c e r n e d 
w h e n h i s w a t e r s u p p l y a n d e l e c t r i c i t y s u p p l y a r e 
i n t e r r u p t e d a n d when h e h a s t o p a y p r i c e s w h i c h h e n e v e r 
p a i d b e f o r e f o r some o f h i s c o n s u m e r g o o d s . 
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D r o u g h t i s t h u s a f o r m i d a b l e n a t u r a l d i s a s t e r w h i c h h a s 
b e e n a f f e c t i n g h u m a n i t y s i n c e t i m e i m m e m o r i a l . I n s p i t e o f 
t h e a s t o n i s h i n g p r o g r e s s m a d e i n t h e f i e l d s o f s c i e n c e a n d 
t e c h n o l o g y , i t h a s n o t b e e n p o s s i b l e t o a v e r t o r c o m b a t 
t h i s n a t u r a l c a l a m i t y . 
M e t e o r o l o g i c a l d r o u g h t i s t h e p r o l o n g e d d e f i c i e n c y o f 
r a i n f a l l o v e r a l a r g e a r e a . I n a r e c e n t s t u d y K a r i y a w a s a m 
( 1 9 9 1 ) , D e p a r t m e n t o f M e t e o r o l o g y , w o r k e d o u t a d r o u g h t 
i n d e x f o r S r i L a n k a f o r e a c h y e a r , o v e r t h e 5 0 y e a r p e r i o d 
1 9 3 1 - 8 0 , f o r t h e 2 m a j o r p a d d y c u l t i v a t i o n s e a s o n s Y a l a a n d 
M a h a . A s e a s o n w a s d e f i n e d a d r o u g h t s e a s o n i f t h a t s e a s o n 
( o f a g i v e n y e a r ) h a d l e s s t h a n 75% o f i t s m e a n s e a s o n a l 
r a i n f a l l . He d e f i n e d t h e d r o u g h t i n d e x a s W.X,. w h e r e 
W. = A , / A a n d Xj w a s t a k e n a s 1 f o r a d i s t r i c t i f t h e s e a s o n 
c o n c e r n e d w a s a d r o u g h t s e a s o n f o r a g i v e n y e a r a n d z e r o 
o t h e r w i s e , h . a n d A w e r e t a k e n a s t h e a r e a o f t h e d i s t r i c t 
a n d t h e t o t a l a r e a a n a l y s e d , r e s p e c t i v e l y . 
D h a r m a r a t n e a n d K a i r y a w a s a m ( 1 9 9 0 ) w o r k e d o u t t h e s e a s o n a l 
d r o u g h t p r o b a b i l i t i e s f o r t h e p e r i o d 1 9 3 1 - 8 0 f o r t h e w h o l e 
c o u n t r y . T h e s e a n a l y s e s s h o w e d t h a t ; 
( i ) D i s t r i c t s i n t h e e x t r e m e n o r t h o f t h e I s l a n d h a v e 
t h e h i g h e s t p r o b a b i l i t y o f d r o u g h t o c c u r r e n c e s 
d u r i n g t h e Y a l a s e a s o n w h i l e t h o s e i n t h e N o r t h 
C e n t r a l , N o r t h w e s t e r n a n d S o u t h e a s t e r n r e g i o n s 
h a v e m o d e r a t e d r o u g h t o c c u r r e n c e s . T h e d i s t r i c t s 
i n t h e S o u t h w e s t e r n p a r t s o f t h e I s l a n d h a v e t h e 
l e a s t p r o b a b i l i t y o f d r o u g h t o c c u r r e n c e s d u r i n g 
t h e Y a l a s e a s o n . 
( i i ) T h e d i s t r i b u t i o n o f d r o u g h t p r o b a b i l i t y w a s a b o u t 
t h e s a m e f o r t h e M a h a s e a s o n t o o , b u t t h e 
p r o b a b i l i t y v a l u e s w e r e , i n g e n e r a l , l e s s e r 
( t a b l e 3 . 2 ) . 
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Fig 3 . 8 - Increase in surface air tenperature (°C/year) 
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T a b l e 3 . 2 
D i s t r i c t D r o u g h t p r o b a b i l i t y 
Y a l a M a h a 
A n u r a d h a p u r a 0 . 3 0 0 . 2 0 
A m p a r a 0 . 1 6 0 . 1 8 
B a d u l l a 0 . 1 8 0 . 1 0 
B a t t i c a l o a 0 . 3 4 0 . 1 8 
C o l o m b o 0 . 1 0 0 . 0 6 
G a l l e 0 . 0 4 0 . 0 4 
G a m p a h a 0 . 1 0 0 . 2 0 
H a m b a n t o t a 0 . 2 2 0 . 2 2 
J a f f n a 0 . 3 8 0 . 1 8 
K a l u t a r a 0 . 0 8 0 . 0 6 
K a n d y 0 . 1 0 0 . 1 2 
K e g a l l e 0 . 0 8 0 . 0 4 
K i l i n o c h c h i 0 . 3 6 0 . 1 8 
K u r u n e g a l a 0 . 2 4 0 . 1 4 
M a n n a r 0 . 0 2 0 . 1 8 
M a t a l e 0 . 2 2 0 . 2 0 
M a t a r a 0 . 1 6 0 . 0 6 
M o n a r a g a l a ( 4 0 y r s ) 0 . 1 8 0 . 2 0 
M u l l a i t i v u ( 3 0 y r s ) . 0 . 1 0 0 . 0 
N u w a r a E l i y a 0 . 1 8 0 . 0 6 
P u t t a l a m 0 . 2 0 0 . 1 6 
P o l o n n a r u w a 0 . 3 2 0 . 1 8 
R a t n a p u r a 0 . 0 8 0 . 0 6 
T i n c o m a l e e 0 . 2 2 0 . 1 4 
( i i i ) T h e Y a l a s e a s o n d r o u g h t i n d e x i n d i c a t e s a n u p w a r d 
t r e n d s i n c e 1 9 7 0 ( f i g u r e 3 . 1 4 ) . 
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K a r i y a w a s a m c o n c l u d e s t h a t t h e i n c r e a s e i n t r e n d i n t h e 
Y a l a s e a s o n d r o u g h t i n d e x "may b e d u e t o c l i m a t i c 
v a r i a t i o n . " 
I n t h i s c o n t e x t i t i s w o r t h m e n t i o n i n g t h a t d u r i n g t h e 3 6 
y e a r p e r i o d f r o m 1 9 4 8 t o 1 9 8 3 , t h e c o u n t r y a s a w h o l e 
w i t n e s s e d ( m o s t l y i n t h e d r y z o n e ) 2 2 d r o u g h t s : 5 m a j o r , 1 2 
m e d i u m a n d 5 m i n o r . S o m e a r e a s a r e m o r e d r o u g h t p r o n e t h a n 
t h e o t h e r s . T h i s e s s e n t i a l l y c a l l s f o r a ' d r o u g h t w a t c h 
s y s t e m ' t o s e e w h e t h e r t h e f r e q u e n c y a n d m a g n i t u d e o f 
d r o u g h t s a r e o n t h e r i s e ( T e n n a k o o n , 1 9 9 1 ) . 
3 . 6 I m p a c t s o f c l i m a t e c h a n g e 
T h e a n a l y s e s c a r r i e d o u t b y F e r n a n d o a n d C h a n d r a p a l a 
( 1 9 9 1 ) , F e r n a n d o ( 1 9 8 9 ) a n d K a r i y a w a s a m ( 1 9 9 1 ) l e a d u s t o 
b e l i e v e t h a t t h e v a r i a t i o n s i n t h e s u r f a c e a i r t e m p e r a t u r e , 
t h e r a i n f a l l p a t t e r n a n d t h e d r o u g h t i n d e x v a l u e s w h i c h 
h a v e b e e n o b s e r v e d s o f a r , a r e p r o b a b l y d u e t o c l i m a t e 
c h a n g e s t a k i n g p l a c e i n S r i L a n k a . A l s o m e c h a n i s m s w h i c h 
m a y p o s s i b l y c o u n t e r a c t t h e w a r m i n g h a s n o t t a k e n p l a c e s o 
f a r i n S r i L a n k a ( D e w u n d e g e , 1 9 9 1 ) . 
I f t h i s i s s o , a n d i f t h e s e t r e n d s c o n t i n u e t h e n a c c o r d i n g 
t o T e n n a k o o n ( 1 9 9 1 ) , C e n t r a l B a n k o f S r i L a n k a , t h e s e 
c h a n g e s w i l l " e x e r t a p r o f o u n d i n f l u e n c e o n w e a t h e r a n d 
c l i m a t e o f t h e I s l a n d w h i c h i n t u r n w i l l a f f e c t t h e l i f e o f 
t h e p e o p l e . " T h e s e c h a n g e s a r e l i k e l y t o b r i n g a b o u t 
c h a n g e s i n v e g e t a t i o n i n p a r t i c u l a r a n d t h e p h y s i c a l 
e n v i r o n m e n t i n g e n e r a l w h i c h i n t u r n w i l l a f f e c t 
a g r i c u l t u r e , t h e d o m i n a n t m o d e o f human s u s t e n a n c e i n S r i 
L a n k a . I f a g r i c u l t u r e a l o n e i s s e v e r e l y a f f e c t e d i t c a n 
c r i p p l e t h e n a t i o n ' s e c o n o m i c p r o g r e s s b e c a u s e a g r i c u l t u r e 
a l o n e h a s a s i g n i f i c a n t c o n t r i b u t o r y s h a r e o f 25% i n t h e 
G r o s s D o m e s t i c P r o d u c t (GDP) a n d i t p r o v i d e s 48% o f 
e m p l o y m e n t , 3 6 . 3 % o f e x p o r t e a r n i n g s a n d a l a r g e s h a r e o f 
p u b l i c r e v e n u e ( C e n t r a l B a n k o f S r i L a n k a , A n n u a l R e p o r t , 
1 9 9 0 ) . 
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If, as mentioned earlier, the present trends in temperature 
and rainfall variation continue, then changes in the agro-
ecological zonal boundaries will have to be expected and 
these boundaries re-drawn. However, it is not the re­
drawing of these boundaries that is difficult, but the 
identification of agricultural changes forced on, and the 
confusion into which those people living in and around the 
present zonal boundaries (transitional zones) will be 
thrown into, which will be made difficult to ascertain. 
Above all, making remedies to them would be very difficult. 
(Tennakoon, 1991). 
The expected climate changes will occur over a long period 
of time almost imperceptibly, if the natural event system 
is allowed to take its normal course of events. This 
however never happens that way in an inhabited land, 
notably in a land where population pressure on land is 
considerable, if not excessive. Man's recklessness or 
ignorant interference with the natural event system 
degrades the physical environment rapidly bringing him more 
and more closer to a survival threat (figure 3.15). 
NATURAL EVENTS 
SYSTEM 
RESPONSE k RESOURCES HAZARDS 
* 





Fig. 3 . 1 5 
Note 
S o u r c e 
- Model of the Interaction between Natural Events 
and Human Activity 
- The location of the desertification process is 
indicated 
- Perceptioin of Desertification, R.L. Heathcote 
ed., The United Nations University, 1980) 
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I t m a y b e a r g u e d t h a t g i v e n t h e m o d e r n t e c h n o l o g i c a l 
a d v a n c e m e n t o f m a n k i n d , t h a t s u c h f e a r s a r e u n w a r r a n t e d . 
T h e t r a g e d y h e r e i s , t h a t , m o d e r n t e c h n o l o g y i s m o r e o f t e n 
a v a i l a b l e t o a a f f l u e n t f e w i n a s o c i e t y , w h i l e i t i s s t i l l 
d e a r e r t o t h e p o o r v a s t m a j o r i t y o f t h e p e o p l e who w o r k o n 
m a r g i n a l l a n d s f o r a s u s t e n a n c e a n d d w e l l o n m a r g i n a l o r 
v u l n e r a b l e l a n d s i n h a r s h e n v i r o n m e n t s . T h e s e 
d i s a d v a n t a g e d g r o u p s , when a f f e c t e d , o f t e n s u f f e r i n 
s i l e n c e w i t h o u t m u c h h o p e o f p r o s p e r i t y . 
M o d e r n t e c h n o l o g y p e r h a p s m e a n s v e r y l i t t l e t o t h e m . I n 
t h e c i r c u m s t a n c e s , i t i s v e r y n e c e s s a r y t o t r y a n d i d e n t i f y 
t h e o n - g o i n g e n v i r o n m e n t a l d e t e r i o r a t i o n w h i c h i s l i k e l y t o 
c a u s e a n i m b a l a n c e i n t h e e c o - s y s t e m t h r o u g h c h a n g e s i n t h e 
n a t u r a l e v e n t s y s t e m w h i c h a r e a c c e n t u a t e d b y m a n ' s 
c o n s t a n t i n t e r f e r e n c e w i t h i t ( T e n n a k o o n , 1 9 9 1 ) . 
T h e o b s e r v a t i o n s m a d e h i t h e r t o a r e o n t h e n a t u r a l e v e n t 
s y s t e m i n o p e r a t i o n e x p r e s s i n g t h e n e e d t o s e e how i t w o u l d 
o p e r a t e i n f u t u r e i n t h e f a c e o f i n c r e a s i n g g r e e n h o u s e 
e f f e c t . F r o m now o n , i t i s i n t e n d e d t o s e e how t h e n a t u r a l 
e v e n t s y s t e m i s a f f e c t e d b y t h e human u s e s y s t e m ( f i g u r e 
3 . 1 5 ) . 
D u e t o i n c r e a s e i n p o p u l a t i o n l a r g e n u m b e r s o f p e o p l e h a v e 
s p i l l e d o n t o t h e m a r g i n a l l a n d s , i . e . , t h o s e l a n d s w h i c h 
c a n b e p a r t i a l l y i r r i g a t e d a n d u n i r r i g a b l e h i g h l a n d s w h e r e 
s o m e d r y f a r m i n g ( i n c l u d i n g ' c h e n a 1 f a r m i n g ) c a n b e 
p r a c t i s e d . T h i s s p i l l o v e r f r o m ' s a f e l a n d s ' ( i r r i g a b l e 
l a n d s ) t o o k p l a c e o v e r a p e r i o d o f t i m e f o l l o w i n g r e d u c e d 
i n c o m e f r o m t h e m d u e t o : ( a ) l a n d f r a g m e n t a t i o n ( b ) 
s m a l l n e s s o f h o l d i n g s ( c ) r o t a t i o n o f t h e r i g h t o f 
c u l t i v a t i o n o f j o i n t l y h e l d l a n d s ( d ) h i g h p o t e n t i a l f o r 
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Desertification potential, (after Ifermakoon) 
FIG . .3 .16Hum.„ Activities and the Potential for Desertification in the Dry Zone of Sri Lanka: A Model 
(Source: Perception of Desertification, R.L.Heathcote ed., 
The United Nations University, 1980) 
Increase 
T h e i n c r e a s i n g p o p u l a t i o n , l o w p r o d u c t i o n , h e n c e l o w i n c o m e 
f r o m s m a l l i r r i g a t e d l a n d h o l d i n g s a n d l a n d l e s s n e s s f o r c e d 
m a n y p e o p l e t o ( a ) e x p a n d p a d d y h o l d i n g s t o m a r g i n a l l y 
i r r i g a b l e o r n o n - i r r i g a b l e l a n d s a t h i g h r i s k t o c r o p 
l o s s e s a n d ( b ) s h i f t i n g ( ' c h e n a ' ) c u l t i v a t i o n i n t h e f o r e s t 
a r e a s . T h e s e m e a s u r e s , n o t a b l y t h e l a t t e r a c c e l a r a t e d 
d e f o r e s t a t i o n w h i c h i n t u r n r e s u l t e d i n ( a ) i n c r e a s e i n 
a r i d i t y ( b ) d w i n d l i n g o f t i m b e r r e s o u r c e s ( c ) d e t e r i o r a t i o n 
o f t h e q u a l i t y o f f o r e s t a n d ( d ) e n d a n g e r i n g o f m a n y a n i m a l 
s p e c i e s . 
D e s t r u c t i o n o f f o r e s t i s a s e r i o u s n a t i o n a l t h r e a t . T h o u g h 
i t i s s a i d t h a t i n a t r o p i c a l c o u n t r y m o r e t h a n 3 0 p e r c e n t 
o f t h e l a n d h a s t o b e u n d e r a s o u n d v e g e t a t i o n c o v e r , S r i 
L a n k a ' s t o t a l f o r e s t c o v e r h a s b e e n r e d u c e d t o 2 2 p e r c e n t 
o f h e r l a n d a r e a . M o r e t h a n t h e r e d u c t i o n o f t h e f o r e s t 
c o v e r t h e e x i s t i n g ' f o r e s t s ' a r e h i g h l y d e g e n e r a t e d . O w i n g 
t o r e p e a t e d c l e a r i n g o f v e g e t a t i o n f o r c h e n a c u l t i v a t i o n 
a n d e x t r a c t i o n o f t i m b e r m o s t o f t h e f o r e s t a r e a s i n t h e 
d r y z o n e s h a v e b e e n t u r n e d t o ' b r u s h - w o o d s ' . F u r t h e r m o r e , 
o w i n g t o s l a s h i n g a n d b u r n i n g o f v e g e t a t i o n t o c l e a r l a n d 
f o r c h e n a c u l t i v a t i o n t h e r e a r e c l e a r ' s c a r s * o f l a n d , 
d e v o i d o f v e g e t a t i o n . T h e s e a r e w i d e s p r e a d i n t h e d r y z o n e 
o f S r i L a n k a . 
A n o t h e r d i s t r e s s i n g f e a t u r e i s t h e m a r k e d i n c r e a s e i n 
t h o r n y t r e e s a n d s h r u b s , r e d u c i n g t h e v a l u a b l e d e c i d u o u s 
• t i m b e r t r e e s o f t h e d r y z o n e . I n f a c t t h e r e a r e s e v e r a l 
d e c i d u o u s t r e e s , f o r t h e e a r l y g r o w t h o f w h i c h , a s h a d e i s 
n e c e s s a r y a n d t h a t s h a d e i s u n a v a i l a b l e i n t h o r n y a n d b u s h y 
t a n g l e d , f o r e s t g r o w t h o f t h e p r e s e n t d a y D r y Z o n e . 
D e f o r e s t a t i o n , y e t h a s a n o t h e r i n d i r e c t e f f e c t o n t h e 
w e a t h e r a n d c l i m a t e a n d f i n a l l y o n h u m a n s u s t e n a n c e i n 
t h e s e r e g i o n s . T h e r a i n w h i c h i s f a l l i n g w i t h s i g n i f i c a n t 
i n t e n s i t i e s i n t h e t r o p i c a l c o u n t r i e s l i k e S r i L a n k a , c a u s e 
s h e e t e r o s i o n i n b a r e l y c o v e r e d l a n d e v e n o n l e s s s t e e p 
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g r a d i e n t s . S u c h e r o s i o n n o t o n l y r e d u c e t h e f e r t i l i t y o f 
e r o d e d l a n d s b u t a l s o b y c a r r y i n g e r o d e d m a t e r i a l s i n 
f l o w i n g w a t e r i n s o l u t i o n a n d i n s u s p e n s i o n , s i l t t h e 
s t r e a m s a n d w a t e r c o u r s e s , a n d m o r e i m p o r t a n t l y , t h e 
r e s e r v o i r s . I n t h e A n u r a d h a p u r a d i s t r i c t a l o n e , t h e r e 
a r e o v e r 3 0 0 0 t a n k s i n a n a r e a o f 7 7 5 2 s g km o r r o u g h l y 
o n e t a n k f o r e v e r y 3 k m 2 . S o m e o f t h e s e t a n k s h a v e a c q u i r e d 
1 t o 2 m e t r e s o f s i l t o v e r t h e p a s t 5 0 y e a r s o r . s o , d e n y i n g 
a l a r g e v o l u m e o f w a t e r w h i c h c o u l d h a v e b e e n o t h e r w i s e 
s t o r e d i n t h e m f o r i r r i g a t i o n a n d d o m e s t i c u s e s . I n t h i s 
s i t u a t i o n , m o s t t a n k s r u n c o m p l e t e l y d r y b e t w e e n r a i n y 
s e a s o n s . H i g h p o p u l a t i o n p r e s s u r e o n l a n d h a s f o r c e d t h e 
v i l l a g e r s t o o p e n u p m a r g i n a l l a n d s u n d e r t h e s e r e s e r v o i r s 
t o p r a c t i s e i r r i g a t e d f a r m i n g w h i l e t h e s t o r a g e c a p a c i t i e s 
o f t h e r e s e r v o i r s h a v e b e e n r e d u c e d d u e t o s i l t a t i o n . T h e 
c o n s e q u e n c e i s t h e e m e r g e n c e o f f r e q u e n t i r r i g a t i o n w a t e r 
d i s p u t e s a n d m o r e f r e q u e n t p a r t i a l o r t o t a l c r o p l o s s e s d u e 
t o w a t e r s h o r t a g e . 
A s t h e s t o r a g e c a p a c i t i e s h a v e b e e n r e d u c e d , a f t e r f e w 
s h o w e r s t a n k s a t t a i n s p i l l l e v e l a n d o v e r f l o w . A l s o ' f l a s h 
f l o o d s ' h a v e b e c o m e v e r y common i n t h e D r y Z o n e 
e n v i r o n m e n t , d u r i n g t h e r a i n y s e a s o n s . T h u s , s i l t a t i o n 
a r i s i n g f r o m e r o s i o n a c c e n t u a t e d b y f r e e s u r f a c e r u n - o f f 
d u e t o c l e a r i n g o f f o r e s t s a n d l a y i n g b e a r t h e s o i l p o s e s • 
a s e r i o u s t h r e a t t o t h e h u m a n s u r v i v a l w h e r e a g r i c u l t u r e i s 
t h e m a i n m o d e o f s u s t e n a n c e . 
A d m i t t e d l y t h e i n t e r a c t i o n b e t w e e n t h e h u m a n u s e s y s t e m a n d 
t h e n a t u r a l e v e n t s y s t e m h a s n o t b e e n i n v e s t i g a t e d 
s y s t e m a t i c a l l y i n - d e p t h , t h r o u g h l o n g i t u d i n a l s t u d i e s i n 
S r i L a n k a . T h e r e w e r e o n l y a v e r y f e w a t t e m p t s i n t h i s 
r e g a r d . Much r e m a i n s t o b e d o n e ( T e n n a k o o n , 1 9 9 1 ) . 
- 7 4 -
.7 D i s c u s s i o n s 
T h e M e t e o r o l o g i c a l D e p a r t m e n t ' s r e c e n t f i n d i n g t h a t 
t e m p e r a t u r e s a r e r i s i n g a n d r a i n f a l l i s d e c r e a s i n g 
( p o s s i b l y ) d u e t o t h e g r e e n h o u s e e f f e c t h a s t o b e t a k e n 
w i t h a l l s e r i o u s n e s s o f p u r p o s e . S r i L a n k a i s a l r e a d y a 
h i g h l y p o p u l a t e d c o u n t r y . A t t h e t u r n o f t h e p r e s e n t 
c e n t u r y o r d u r i n g t h e f i r s t d e c a d e o f t h e n e x t c e n t u r y S r i 
L a n k a i s l i k e l y t o h a v e a p o p u l a t i o n o f 2 0 m i l l i o n p e o p l e 
i n i t s l a n d a r e a o f 6 5 , 6 1 0 s g . km. 
T h e w e t z o n e q u a d r a n t o f t h e c o u n t r y i s a l r e a d y t h i c k l y 
p o p u l a t e d . H e n c e , t h e p o p u l a t i o n i n t h e D r y Z o n e o f S r i 
L a n k a w i l l h a v e n o a l t e r n a t i v e p l a c e t o g o f o r w o r k a n d t o 
l i v e . T h a t p o p u l a t i o n h a s t o b e s u s t a i n e d i n t h e d r y z o n e 
i t s e l f . T h i s w i l l b e p o s s i b l e o n l y w i t h t h e u n d e r s t a n d i n g 
o f t h e p r e s e n t a n d l i k e l y ( f u t u r e ) c h a n g e s o f w e a t h e r a n d 
c l i m a t e a n d m a k i n g e f f e c t i v e m o d i f i c a t i o n s t o a n d 
a d j u s t m e n t s i n h u m a n u s e s y s t e m t o b e p u t u p w i t h t h e 
n a t u r a l e v e n t s y s t e m s u c c e s s f u l l y . 
F i r s t a n d f o r e m o s t , t h e p r e s e n t m o n i t o r i n g o f w e a t h e r a n d 
c l i m a t e c a r r i e d o u t b y t h e D e p a r t m e n t o f M e t e o r o l o g y h a s t o 
b e s t r e n g t h e n e d w i t h m e n , m a t e r i a l a n d e q u i p m e n t . T h i s i s 
n e c e s s a r y b e c a u s e w h e n a c l i m a t i c c h a n g e i s s e n s e d , i t w i l l 
b e t h e m e t e o r o l o g i s t s who w i l l h a v e t o a c t a s t h e f o r e ­
r u n n e r s i n d e v e l o p i n g a r e l i a b l e , u s e f u l i n f o r m a t i o n 
s y s t e m . T h e y a l s o m u s t h a v e t h e f a c i l i t i e s t o u n d e r t a k e 
l o n g i t u d i n a l s t u d i e s a n d p r o v i d e i n f o r m a t i o n t o t h e o t h e r s 
c o n s t a n t l y a n d p u b l i s h t h e i r l o n g i t u d i n a l r e s e a r c h 
f i n d i n g s . 
T h e s e c o n d i m p o r t a n t r e s p o n s i b i l i t y l i e s i n t h e h a n d s o f 
a g r o n o m i s t s , i r r i g a t i o n e n g i n e e r s a n d t h e f o r e s t e r s . 
A g r o n o m i s t s h a v e t h e c h a l l e n g i n g t a s k o f p r o p a g a t i n g 
s h o r t e r - t e r m c r o p v a r i e t i e s o f t h o s e c r o p s i n u s e a n d i n 
p r o p a g a t i n g m o r e d r o u g h t r e s i s t a n t c r o p s . S r i L a n k a s h o u l d 
a t t u n e t o new t r e n d s i n r e s e a r c h a n d a d o p t s u i t a b l e 
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t e c h n o l o g i e s p r o v e n t o b e o f b e n e f i t i n t e r r a i n s i m i l a r t o 
l o c a l c o d i t i o n s e l s e w h e r e i n t h e r e g i o n a n d o u t s i d e . 
T h e i r r i g a t i o n e n g i n e e r s a n d o t h e r w a t e r m a n a g e r s h a v e a 
s i m i l a r r e s p o n s i b i l i t y . T h e y h a v e t o e v o l v e a p p r o p r i a t e 
m e t h o d s , l a r g e l y t h r o u g h a c t i o n o r i e n t e d r e s e a r c h , t h e m o s t 
e f f i c i e n t m a n a g e m e n t o f w a t e r r e s o u r c e s w i t h o u t w a s t e . A s 
w a t e r i s n o m o r e a f r e e b u t a p r e c i o u s c o m m o d i t y s p e c i a l l y 
i n a d r y e n v i r o n m e n t , w a y s a n d m e a n s h a v e t o b e f o u n d 
f o r f r u g a l u s e o f : ( a ) r a i n w a t e r ( b ) r u n n i n g w a t e r ( c ) r e ­
c y c l e d w a t e r ( d ) s t o r e d w a t e r i n r e s e r v o i r s a n d ( e ) t h e 
c a r e f u l u s e o f g r o u n d w a t e r . T h e s e u s e s o f w a t e r f o r 
a g r i c u l t u r a l p u r p o s e s n e e d n o t n e c e s s a r i l y b e m u t u a l l y 
e x c l u s i v e ; t h e y o f t e n c a n b e s u p p l e m e n t a r y t o o n e a n o t h e r 
h e n c e t h e y c o u l d b e m a d e m u t u a l l y i n c l u s i v e s t r a t e g i e s i n 
s u c c e s s f u l f a r m i n g . 
F o r e s t e r s h a v e p e r h a p s t h e m o s t d i f f i c u l t t a s k n o t o n l y i n 
c o n s e r v a t i o n o f e x i s t i n g f o r e s t s b u t r e p l a n t i n g o f t r e e s . 
T h e s e t w o a l o n e a r e v e r y d i f f i c u l t , y e t n e c e s s a r y t a s k s . 
I n a d d i t i o n t o t h e s e t a s k s t h e y n e e d t o v i g o r o u s l y s t u d y 
t h e b i o t i c c h a n g e s i n o u r f o r e s t s . F o r i n s t a n c e , w h a t 
e x a c t l y c o u l d b e t h e e f f e c t s o f i n c r e a s e d d e n s i t y o f t h o r n y 
t r e e s a n d b u s h e s i n t h e d r y z o n e e n v i r o n m e n t ? H i s t o r i c a l l y 
how h a v e t h e p l a n t c o m p o s i t i o n c h a n g e d a n d g i v e n t h e 
p r e s e n t l e v e l o f human i n t e r f e r e n c e w i t h t h e d r y z o n e 
f o r e s t s , w h a t w o u l d b e t h e f u t u r e c h a n g e s i n t h a t 
c o m p o s i t i o n a n d i t s e f f e c t o n b o t h m i c r o a n d m a c r o -
c l i m a t e s . S u c h s t u d i e s a r e e s s e n t i a l t o c a u t i o n a n d 
p r e p a r e t h o s e who l i v e a n d w o r k i n d r y z o n e s o t h a t t h e y 
m a y s u c c e s s f u l l y a d a p t t h e m s e l v e s t o p o s s i b l e c l i m a t e 
c h a n g e s i n t h e i r e n v i r o n m e n t . 
F i n a l l y , i t i s t o b e s t r e s s e d t h a t t h e r e a r e s e r i o u s 
l i m i t a t i o n s t o a d e v e l o p i n g c o u n t r y i n t e r m s o f f u n d s , 
k n o w l e d g e a n d t e c h n o l o g y n e c e s s a r y i n o d e r t o b e a b l e t o 
c o n t r i b u t e t o t h e r e g i o n a l a n d g l o b a l e f f o r t s i n r e s p o n s e 
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t o g r e e n h o u s e e f f e c t a n d p o s s i b l e c l i m a t e c h a n g e . 
N a t i o n a l l y t h e r e a r e m a n y a d j u s t m e n t s t h a t we h a v e t o 
a t t e m p t i n o r d e r t o s u c e s s f u l l y m i t i g a t e t h e e f f e c t s o f t h e 
g r e e n h o u s e p h e n o m e n o n t h a t i s l i k e l y t o b e f a l l o u r l a n d . 
A d o p t i o n a n d i m p l e m e n t a t i o n o f t h e s e p r e c a u t i o n a r y a n d 
m i t i g a t o r y m e a s u r e s a r e v e r y n e c e s s a r y i f we a r e t o m e e t 
w i t h a n y d e g r e e o f s u c c e s s i n a c h i e v i n g t h e m u c h t a l k e d 
a b o u t ' s u s t a i n a b l e d e v e l o p m e n t ' a n d i n a d a p t i n g t o p o s s i b l e 
c h a n g e s o f c l i m a t e a n d s e a l e v e l r i s e t h a t c a n a f f e c t S r i 
L a n k a . 
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CHAPTER I V 
VIEWS AND RECOMMENDATIONS 
T h e s e r i o u s n e s s o f t h e g r e e n h o u s e e f f e c t a n d t h e p o s s i b l e s e a 
l e v e l r i s e w i t h a t t e n d a n t c h a n g e s i n t h e c l i m a t e h a s t o b e f i r s t 
r e a l i s e d b y e a c h m e m b e r s t a t e i n d i v i d u a l l y a n d j o i n t l y . 
A l l m e m b e r s t a t e s s h o u l d m a k e a f i r m c o m m i t m e n t o n t h e n e e d t o 
t a k e a d e q u a t e s t e p s t o m o n i t o r a n d e v a l u a t e c l i m a t i c c o n d i t i o n s 
w i t h i n t h e i r own c o u n t r i e s f o r i t s own s a k e a n d f o r t h e s a k e o f 
t h i s v e n t u r e o n t h e s t u d y o f t h e g r e e n h o u s e e f f e c t a n d i t s 
i m p l i c a t i o n s f o r t h e c o u n t r y , t h e r e g i o n a n d t h e g l o b e a n d t o 
f o r e s e e t h e n e c e s s i t y o f t h e g l o b a l e f f o r t t o s t a b i l i z e t h e 
c l i m a t e . 
A c t i o n s h o u l d b e p e r s u e d w h e r e m e m b e r c o u n t r i e s h a v e a l r e a d y 
r e c e i v e d a t t e n t i o n f o r t h e e s t a b l i s h m e n t o f c a p a b i l i t i e s i n 
m a n a g e m e n t i n f o r m a t i o n s y s t e m s i n c o n b a t t i n g n a t u r a l d i s a s t e r s 
t h a t a f f l i c t t h e m a n d t h o s e t h a t a r i s e f r o m t h e g r e e n h o u s e e f f e c t 
- b y c l i m a t e c h a n g e a n d s e a l e v e l r i s e . 
I n t h i s r e s p e c t S r i L a n k a w o u l d r e q u i r e a s s i s t a n c e i n 
s t r e n g t h e n i n g o f T r o p i c a l O c e a n - G l o b a l A t m o s p h e r e u p p e r - a i r 
s t a t i o n n e t w o r k a s a l r e a d y b e e n e n v i s a g e d . 
T h e M e t e o r o l o g i c a l D e p a r t m e n t o f S r i L a n k a s t r o n g l y s e e k s 
a s s i s t a n c e i n t h i s d i r e c t i o n , i n i t i a l l y f o r t h e a q u i s i t i o n o f 
e q u i p m e n t f o r a f e w m e t e o r o l o g i c a l s t a t i o n s t o m o n i t o r w e a t h e r 
a n d c l i m a t e a n d i n t h e e s t a b l i s h m e n t o f a f e w a u t o m a t e d w e a t h e r 
s t a t i o n s a t s t r a t e g i c a l t i t u d e s . T h i s i s w i t h a v i e w t o l i n k i n g 
t h e i n f o r m a t i o n d a t a f o r c o r r e l a t i o n a n d e v a l u a t i o n a t b o t h t h e 
r e g i o n a l a n d a t i n t e r n a t i o n a l l e v e l . 
E x p e r t i s e i n t h e f i e l d h a v e t o b e i d e n t i f i e d f o r e x p o s u r e t o t h e 
s c i e n c e a n d a n e x c h a n g e . E x p e r t a n d t r a i n i n g p r o g r a m m e s h o u l d 
b e f o r m u l a t e d a n d i m p l e m e n t e d s p e c i a l l y t o f i l l i n i d e n t i f i e d 
g a p s w h e r e e x p e r t i s e i s r e q u i r e d . I n t h i s r e s p e c t t h e C I S I R h a s 
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m a d e a r e q u e s t f o r t h e t r a i n i n g o f i n i t i a l l y a t l e a s t , o n e 
a i r - c h e m i s t . T h i s w o u l d e n a b l e C I S I R t o e m b a r k o n a s u i t a b l e 
p r o g r a m m e o f m o n i t o r i n g GHGs w i t h a v a i l a b l e e q u i p m e n t . 
I t may a l s o b e s u g g e s t e d t h a t t h e s t r a t e g i c s p a t i a l p o s i t i o n o f 
S r i L a n k a b e c o n s i d e r e d a n d e v a l u a t e d f o r s e l e c t i o n a s a s i t e 
n e e d e d t o f i l l i n t h e e x i s t i n g g a p s i n t r o p i c a l r e g i o n s f o r 
m e a s u r e m e n t s o f G H G s . 
A d a p t a t i o n s t r a t e g i e s t o c o m b a t a p r o b a b l e s e a l e v e l r i s e t h a t 
m a y b e e x p e r i e n c e d i n t h e SAARC r e g i o n r e q u i r e s s p e c i a l 
a t t e n t i o n s . L i k e t h e M a l d i v e s a n d B a n g l a d e s h , S r i L a n k a w i t h i t s 
r e l a t i v e l y e x t e n s i v e c o a s t l i n e a n d l o w l y i n g c o a s t a l a r e a s w i t h 
d e n s e p o p u l a t i o n a n d d e v e l o p m e n t a c t i v i t i e s d i c t a t e s p o l i c y 
c h a n g e s t h a t h a v e t o b e a d o p t e d i n t h e f a c e o f a p r o b a b l e s e a 
l e v e l r i s e . T h e C o a s t C o n s e r v a t i o n D e p a r t m e n t o f S r i L a n k a 
p r i o r i t i s e s i d e n t i f i c a t i o n o f v u l n e r a b l e a n d r i s k a r e a s a n d t o 
m a p o u t t h e s e i n o r d e r t o d e v e l o p s u i t a b l e s t r a t e g i e s f o r 
c o a s t a l m a n a g e m e n t . M e m b e r c o u n t r i e s s h o u l d e x c h a n g e i d e a s , 
a s s e s s m e n t s a n d s t r a t e g i e s t h a t c a n b e a d a p t e d . 
I n e n h a n c i n g p u b l i c a w a r e n e s s a n d t o k e e p t h e y o u n g e r g e n e r a t i o n 
w e l l i n f o r m e d , S r i L a n k a w e l c o m e s m a t e r i a l s u c h a s g r e e n - l i n k s 
t o b e i n t r o d u c e d t o t h e e d u c a t i o n s y s t e m . 
I n o r d e r t o s a f e g u a r d t h e r e m a i n i n g n a t u r a l f o r e s t s a n d t h e r i c h 
b i o l o g i c a l d i v e r s i t y , SAARC s h o u l d s u p p o r t t h e W o r l d C o n f e r e n c e 
o n P r o t e c t e d a r e a s b y IUCN 1 9 9 2 a n d t h e n e g o t i a t i o n s o f t h e 
I n t e r n a t i o n a l C o n v e n t i o n o n t h e C o n s e r v a t i o n o f B i l o g i c a l 
D i v e r s i t y b e i n g p r e p a r e d b y IUCN a n d U N E P . 
S t r a t e g i e s - s h o u l d b e d e v e l o p e d a n d t r a n s f e r o f t e c h n o l o g y a n d 
e x p e r t i s e w o u l d b e e s s e n t i a l t o s o l v e a n d f a c e t h e p r o b l e m s p o s e d 
t o a g r i c u l t u r e s p e c i a l l y i n D r y Z o n e f a r m i n g a n d c r o p p i n g i n 
m a r g i n a l l a n d b y p r o b a b l e c l i m a t e c h a n g e s . T h e a r e a s e n v i s a g e d 
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